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EXECUTIVE SUMMAR.Y 

Federal Aviation Regulation (FAR) 25 has been revised to clearly identify buffet loading as a 
structural design load. A modern method was developed to model antisymmetric buffet design 
loads on horizontal stabilizers with a know-n probability, utilizing a rigid wind tunnel model. 
The surface pressure was measured for a large number of test conditions, including the most 
severe buffeting environment for this type of aircraft: the tail immersed in the massively 
separated wake of the wing. Modifications to the Beech King Air 200 one-sixth scale wind 
tunnel model included the construction of a new- horizontal stabilizer instrumented with 12 
miniature pressure transducers. Structural characteristics of the full-scale aircraft were estimated 
using the ASTROS (Automated STRuctural Optimization System) program. ASTROS, while 
not directly supporting buffet calculations, is written in a flexible high-level languase and thus 
easily adaptable. Motion-dependent aerodynamics (stiffness and damping) w-ere computed using 
the proven doublet lattice method, which is incorporated into ASTROS. Due to difficulties with 
the data acquisition system, the current approach was validated with buffet pressure power 
spectral densities from an existing reference. Based on the results, the methodology is sound. 

This work was performed under the Small Business Lnnovation Research (SBIR) Program; 
Phase I. Future work would include more detailed investigations of the buffet phenomenon and 
integration of software programs to build a multidisciplinary design tool. This would allow 
aircraft manufacturers to predict stabilizer antisymmetric buffet loads early in the certification 
program. 





I. INTRODUCTION. 

The Federal Aviation Administration (FAA) has a continuing program to collect data and 
develop predictive methods for aircraft flight loads. Some of the most severe and potentially 
catastrophic flight loads are produced by separated flows. Structural response to the 
aerodynamic excitation produced by separated flows is defmed as buffeting [l]. Buffeting can 
cause serious controllability problems and in severe cases produce structural failure. The result 
of control difficulties can be catastrophic if the aircraft is in a near ground flight path such as 
landing or takeoff. Structural failure, in the extreme, is life-threatening at any flight condition. 

The potential severity of tail buffet has persuaded the FAA to include buffet loading as a design 
load criterion for commercial transports. Under Federal -4viation Replation (FAR) 25-305(e), 
aircraft manufacturers are required to demonstrate that the cumulative probability of an aircraft 
encountering dangerous levels of buffet-induced rollins moment is below the prescribed level. 
The current accepted method of meeting this requirement involves a great deal of full-scale 
flight testing. This method costs manufacturers a large amount of capital to meet the 
requirement and allows them no easy recourse should the aircraft not qualify. New 
methodologies are beins considered that would allow the design rolling moment load to be 
estimated before the full-scale aircraft is constructed. A standardized method would expedite the 
certification process and enable consistent and repeatable results. 

Two major classes of buffet prediction methods are currently in use. The first method is buffet 
prediction by computational fluid dynamics codes. This method is very computationally 
intensive, requires an expert user, and is still unproven. An alternate approach is to use 
experimental data in conjunction with a computational solution of the structural dynamics 
equations. Experimental/computational methods also have several subdivisions, most notably in 
the experimental methods employed. The wind tunnel model used for measurement of the 
unsteady surface pressure can be rig,id or flexible. The merits of each type of buffet prediction 
methodology are summarized in references 2, 3, and 4. 

This study describes an experjmental/computational method to model the antisymmetric 
buffeting of horizontal stabilizers in massively separated flows. The objective is to predict, 
within a known probability, the antisymmetric response. The most obvious benefit is safety. If 
an aircraft has predictable characteristics in critical flight scenarios, precautionary measures can 
be taken. If a prediction of undesirable behavior can be performed early in the design process, it 
can be remedied. 

2. BUFFET PREDICTION METHODS 

A rigid body method for buffet prediction was chosen due to its relatively low cost and 
experimental simplicity. The prediction methodology can be divided into two distinct tasks: 
(1) experimental acquisition of unsteady pressure on the tail of a rigid model, and (2) prediction 
of the aeroelastic results based on the buffet forcing function as defined by the fmt task. The 
prediction of tail buffet using this methodology can be best summarized in the flowchart 
illustrated in figure 1. Each se,ment of the flowchart will be discussed in the sections to follow. 



Structural Modeling 
and Modal Analysis 

Tunnel Testing Buffet Pressure Aerodynamics 

Modal Response 
Analysis 

smctural 
Response 

FIG-URE 1. SCHEMATIC REPRESENTATION OF BUFFET PREDICTION 

2.1 EXPERIMENTAL METHODS. 

The experimental testing, under arrangement and independent contract by the FAA, was 
performed at National Institute of Aviation Research (NTAR) facilities in Wichita, Kansas. As 
prescribed by the FAA, the model used for this phase of the work was a one-sixth scale Beech 
King Air 200. The King Air 200 is a t-tail configuration as shown in figure 2. The model used 
for this experiment had variable elevator, rudder, and flap deflections. It was tested in the 
Walter H. Beech Memorial Tunnel which has a 7- by 10-ft test section. Due to the large scale of 
the model, the model was tested with the wing tips removed to allow some wall clearance 
(approximately 8 in.) and avoid the wall boundary layer, as shown in figure 3. The new 
horizontal stabilizer was manufactured by the NIAR engineering machne shop and instrumented 
as illustrated in f igre  4. The pressure transducers used were Kulite LQ-125-5SG with the 
following characteristics: measuring range 0-5 psi, nonlinearity and hysteresis f 0.5 percent, 
and natural frequency 70-350 KKz. The placement of the pressure transducers was symmetrical 
and located as schematically described in figure 5. Although passing pretests, transducers 3, 4, 
and 7 failed to perform dynamically. Transducer 9 failed similarly during the test. 
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FIGURE 2. BEECH KING AIR MODEL IN WIND TUNNEL 

FIGURE 3. TOP VIEW OF WIND TUNNEL MODEL 
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FIGURE 4. HORIZONTAL STABILIZER 

2 5 %  2 5 %  

c h o r d  c h o r d  

FIGURE 5 .  SCHEMATIC REPRESENTATION OF PRESSURE TRANSDUCER 
LOCATIONS (X INDICATES BAD TRANSDUCER, BOX INDICATES 
LOST DUlUNG TESTING) 

The selection of the data acquisition parameters is crucial to insure that an adequate quantity of 
data is collected in the proper frequency range. Based on published experimental results of 
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buffet pressures that show peaks near 1000 Hz (see figure 6) for near transonic wing buffet, the 
sampling frequency was originally prescribed at 4000 Hz (with a low-pass filter, cutoff 
2000 Hz). A sampling frequency of 4000 Hz translates into data up to the Nyquist frequency, 
2000 X-FZ. In a random experiment, the number of samples becomes crucial in that if more cycles 
are averaged, the random error is lowered (according to reference 6, random error of power 

where nd is the number of cycles). Due to the inability of spectral density is given by E = 

NIAR's data acquisition system to perform to the advertised level, and their decision not to 
perform any data reduction, the parameters were adjusted. The data acquisition parameters, as 
tested, were a sampling frequency of 1210.54 Hz, for 8192 samples. This defmes the Nyquist 
frequency at approximately 605 Hz. Ideally a lowpass filter should have been applied with a 
cutoff frequency near 400 €3.~ to prevent aliasins. 

E 

FIGURE 6 .  PRESSURE POWER SPECTRAL DENSITY [ 5 ]  

The test matrix was proposed as: 

3 dynamic pressures (25; 30, and 41 psf) 
2 flap settings (up, full down (35')) 

3 elevator settings (-2O", 0", and 20") 
3 heading angles ( O O ,  -lo", and -20.) 

3 rudder settings (O", loo, and 20") 

6 angles of attack (0"; j0, lo', 15", 20'; and 25') 

The actual test matrix varied slightly, primarily in the number of test runs completed: the 
principal cause being time Iimitations in conjunction with the model puslvng the limits of the 
tunnel balance system. The matrix of conditions tested is included in appendix A which also 

5 



contains the computed physical test characteristics of the test runs, including velocity, Mach 
number, and Reynold's number. 

To establish baseline performance of the data acquisition system, two experimental runs were 
made. Both of these runs were conducted at zero tunnel velocity and were the first of the day to 
avoid any thermal effects. These experimental runs (1 and 70) will hereafter be referred to as 
noise floor runs. Data acquired during these runs should ideally be zero. 

2.2 DATA POSTPROCESSING AND ANALYSIS. 

The goal of postprocessing was to convert the time series data measured by MAR. into a useful 
format for the remaining computational tail buffet estimation. Difficulties were encountered 
during the postprocessing due to the shortcomings of the data acquisition system. In particular, 
the data acquisition system transfer function was nonlinear and demanded a special alternate 
approach. 

2.2.1 Ideal Case. 

As schematically illustrated in figure 7,  the ideal case for estimating the power spectral densities 
of time series is a methodical and logical procedure. Postprocessing begins immediately after 
the recording of the pressure data (dashed outline). It should be noted that the low-pass filter 
prevents any biasing in the data by higher frequencies (above the Nyquist frequency). 

Pressure 
Transducer 

Signal 

Low-Pa.ss 
Filter 

Recorded 
Time 

History 

FIGURE 7. IDEAL, FORCING FUNCTION PREDICTION 
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The most computationally efficient and popular method for estimating the power spectral 
densities of time data is the Fast Fourier Transform. This also allows for simple implementation 
of an intermediate stage where the noise floor can be subtracted in the frequency domain. For 
uncorrelated noise, this can be represented mathematically as Y(f) = X(f) + N(f), where Y(Q is 
the measured signal, X(f) is the desired signal, and N(f) is the uncorrelated noise. The data is 
divided into nd segments and the one-sided power spectral density is computed as 

where T = Sample Period 
X,(f>T) = Fourier transform of xi(t,T) 

The cross correlation is an equally simple equation: 

* denotes complex conjugte 

where , Yi(f,T) = Fourier transform of yi(t,T) 

2.2.2 Alternate Procedure. 

Due to polluted data received from the testing at NI,& an alternate procedure was used to 
attempt a recovery of some usable data from the time histories. Figure 8 illustrates the 
procedure used by Aerotech during this Phase I investigation (dashed outline). Due to "s 
inability to provide an analog low-pass filter to prevent aliasing, the first step is to apply a digital 
low-pass filter in the time domain. In accordance with the overall soal of analyzing the 
frequency difference between different locations, any filter applied must be a linear phase filter. 
Aerotech applied a finite impulse response (FIR) filter for this purpose. The Fortran 77 code 
used to compute the coefficients of the low-pass FIR filter is included in appendix B. This type 
of filter ensures that any changes to the phase of the data will be at most linearly shifted and not 
altered in any unpredictable manner. Figure 9 is the frequency response of the low-pass filter 
applied to the data. 
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FIGURE 8. ALTERNATE PROCEDURE 
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FIGURE 9. FWQUENCY RESPONSE OF LOW-PASS FILTER 
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The second step in the postprocessing procedure shown in figure 8 requires some background 
information. As mentioned in the description of the ideal case, the noise floor should be 
subtracted in the frequency domain to remove the uncorrelated noise. The power spectral 
densities of the experimental noise floor data are typified by figure 7.0. This figure illustrates the 
major difficulty in the data postprocessing of this project. The power spectral density of the 
noise floor is expected to be at best a relatively umform distribution of white noise incurred due 
to background noise. The figure illustrates that the overall level is quite high and the data 
contains many frequency spikes, most notably near 200 Hz. Initial results calculated usins 
equation 1 for transducer 0 show (figure 11) the same characteristic spikes and nearly identical 
response to the noise floor. 

b) close-up 

. .. 

FIGURE 10. CHARACTERISTIC NOISE FLOOR POWER SPECTRAL DEXSITY 

- kA/ L 
0 

0 
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Frcqucncy. Hz 

- 
3 7 

FIGURE 1 1. CHARACTERISTIC POWER S P E C T W  DENSITY (RUN 1.0, POINT 5, 
CHANNEL 0, UNFILTERED) 

0 

After attempts to subtract the noise floor failed, it was decided to investigate the dynamics of the 
data acquisition system. With the assumption that the data acquisition system could, in fact, 
have its own transfer function, as illustrated in figure 12, more testing was prescribed. Ideally, a 
data acquisition system should have a transfer function of unity. To measure the data acquisition 
system transfer function, a white noise generator was developed and more testing was 
performed by supplying white noise input to the data acquisition system. The result should have 
a uniform power spectral density, as shown in figure 13, and subsequently a transfer function 
equal to unity. The actual results from the experiments are shown in figures 14-16. Figures 14- 
16 show the transfer function for each channel of the data acquisition system with the input 
white noise having a standard deviation of 0.005. The transfer functions are not equal to unity, 
and each channel has a unique transfer function. Several frequency response functions of the 
data acquisition system (Channels 0, 1, and 2) channels were tested using different parameters. 
Figure 17 shows channel 0 with input parameters as noted on the fiwre; it should be noted that 
the transfer function of the data acquisition system is not consistent for a given channel with 
different values of input, that is, the transfer function is nonlinear. Due to time constraints, the 
transfer functions computed and shown in figures 14-16 were used to compute the pressure on 
the tail surface. 

10 



F I G W  12. SCHEMATIC OF A LINEAJX SYSTEM 

111 WIDEBAND G A U S S I A N  
N O I S E  

rrl B A N O ~ I M I T E O  N O I S E  
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3 
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FIGURE 13. REPRESENTATIVE CHRACTERISTICS OF W T E  NOISE 
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- - 

100 200 300 400 

Frequency, Hz 

FIGURE 14. FREQLXYCY RESPOKSE FUNCTION OF THE DATA ACQUTSITION 
SYSTEM (CH4hDJ3LS 0: 1, AND 2) 
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Channel 5 
Channel 6 
Channel 8 

---._______ 
_._..._._._ 

Frcqucncy, Hz 

FIGURE 15. FREQUENCY RESPONSE FUNCTIONS OF THE DATA 
ACQUISITION SYSTEM (CHANNELS 5,6,  AND 8) 

Channel 10 ______..___ 

100 200 3 60 400 500 6b0 

Frequency, Hz 

FIGURE 16. FREQUENCY RESPONSE FUNCTIONS OF THE DATA 
ACQUISITION SYSTEM (CHANNELS 9, 10, AND 11) 
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I_ sld. dev. = 0.005 

std. dev. = 0.10 I 
___. - SKI.  dcv. = 0.01 

-.-._ I 

0 SO 150 25 0 3 00 

Frequency, Hz 

FIGURE 17. EFFECT OF INPUT ON FREQUENCIES RESPONSE 
FUNCTIONS (CHANNEL 0) 

Another approach to compensate for the polluted data was to compute the power spectral 
densities indirectly using autocorrelations. This requires considerably more computational time 
than direct computation. The autocorrelation is defmed as 

where r is the lag number 
rn is the maximum lag number (m<N) 
N is the number of samples 

The cross-autocorrelation is similarly computed by 

jjT (rA0 = - I c,"; xn Y,+, r = 0,1,2, ... m 
N - r  

(4) 

The power spec-s are computed by the autocorrelations which have been averaged over a 
number of segments by 
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Similarly, the cross-power spectrum can be computed by 

The transfer functions of the data acquisition system, as discussed above, can be accounted for 
using the following relations 

- Gn 
Gn=- H2 

(7) 

The overbarred values represent the estimated power spectral densities of the buffet forcing 
function. Fortran 77 programs written to perform the above computations are included in 
appendix B. 

2.3 BROELASTIC ANALYSIS. 

Buffeting is governed by the dynamic equilibrium equation 8 in terms of the generalized 
coordinate q: 

where the terms are defined as 

M, generalized mass 
D, structural damping 
Q, resonance frequency 
o , ~ M ~  structural stiffness 
F,, motion-dependent aerodynamic damping 
FKn motion-dependent aerodynamic stiffness 
P, motion-independent aerodynamic force (buffet pressure excitation) 

Linear modal analysis determines the terms M,, Dn, and 03, . The aerodynamic terms can be 
determined using two approaches: (1) extract the terms from wind tunnel testing, or (2) compute 
the terms using an aerodynamics model. For this study the motion-dependent aerodynamic 
stiffness and damping terms were determined using the doublet lattice method. Wind tunnel 
testing was used to determine the buffet pressure excitation P,. As discussed in earlier sections, 
the wind tunnel approach was chosen due to the lack of proven computational methods for 
buffet pressure excitation. 
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The ASTROS (Automated STRuctural Optimization System) program (71 is a multidisciplinary 
finite element-based procedure for the design and analysis of aerospace structures. It is a public 
domain program with proven capabilities paralleling those of NASTRAN. Analysis options 
include structural response (static and dynamic) and aeroelastic analysis (static and dynamic). In 
addition, ASTROS is written in a flexible hish-level language, MAPOL (Matrix Analysis 
Problem Oriented Language). Although the program does not directly support buffet analysis, 
ASTROS can be used for buffet analysis by modifying the standard MAPOL sequence. All 
structural and aeroelastic terms appearing in the left-hand side of equation 1 were computed 
using ASTROS. The implementation is discussed in the following sections. 

2.3.1 Modal Analysis. 

The ASTROS modal analysis solution sequence permits the determination of structural mode 
shapes and frequencies. A fnite element model of the Beech Super King Air 200 horizontal tail 
was constructed based on figure 18 and the following assumed characteristics [ S ,  91: 

half span: 1 10 in. 
root chord: 61 in. 
tip chord: 30 in. 
root depth: 5 in. 
tip depth: 3 in. 
front spar located at 15 percent chord 
rear spar located at the elevator hinge line 
seven evenly spaced ribs 
rib web hckness: 0.040 in. 
spar web thickness: 0.040 in. 
skin thickness: 0.050 in. (includes skin stiffeners and spar caps) 

The resulting finite element model is shown in figure 19, with the corresponding ASTROS 
inputloutput in appendix C. Each structural node point is represented as a GRID. Rib and spar 
webs were modeled as shear panels (CSHEAR elements), and the skins were modeled as 
membranes (constrained CQUAD4 elements). Vertical stiffeners (CROD elements) were also 
included to provide membrane stiffness at shear panel boundaries. The mass of the structure was 
included using concentrated masses ( C O W  elements) at each node. 
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FIGURE 18. STRUCTURAL DRAWING OF BEECH SUPER KING AIR 200 [ S ]  
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CROD 

FIGURE 19. FINITE ELEMENT MODEL OF THE BEECH KING AIR 200 
HORIZONTAL STABILIZER 

The first three computed mode shapes and frequencies are shown in figure 20. As noted in the 
figure, the modes occur at 20.5 Hz (pure bending), 92.5 Hz (bendiq and torsional), and 121.9 
J3z (torsional). Due to the low-pass filter cutoff discussed previously, only these first three 
modes where considered. 

2.3.2 Unsteadv Aerodvnamics. 

The ASTROS flutter; gust; and blast analyses solution sequences include the aerodynamic 
stiffness and damping terns of equation 8. These terms are computed by use of the doublet 
lattice method. As noted in reference 7 (XSTROS Applications Manual), the doublet lattice 
method is recogpized as a standard in the aerospace industry. Based on the dimensions given in 
the previous section, an XSTROS aerodynamic model w-as created using an aerodynamic panel 
(CAERO 1 element). 
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RT 5: ResultsImport  
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FIGURE 20 HORIZONTAL STBILIZER STRUCTURAJ-, MODE SHAPES 

2.3.3 Buffet. 

There are two differences between the present problem and the ASTROS gust analysis solution 
sequence: (1) the right-hand side of equation 8 js  different, and (2) gust analysis in ASTROS is 
treated as a frequency response analysis, not a random response analysis. The present buffet 
problem was solved using a multistep approach. Key steps in the computational process are aS 
follows: 

18 



Determine the modal complex frequency response matrix, [H(m)]. This matrix can be 
computed at each frequency of interest by replacing the gust analysis right-hand side with the 
identity matrix. The resulting response matrix is [H(o)]. The right-hand side identity matrix 
was input using the ASTROS direct matrix input @MI). 

. Use the mode shapes and the wind tunnel measured buffet pressure PSD matrix to 
determine the modal buffet pressure PSD matrix [S,(a)]. 

. Compute the modal response PSD matrix [S(a)J = [H(-o>][S,(o)][H(m)lT. 

Compute the desired structural response PSD [S,(Q)] = Ir\.Ts.] [S(m)] [N,]'. The terms in 
the row matrix my] are the structural responses due to unit modal-displacements. For example, 
to compute the tip displacement PSD, Nyl,  is the tip displacement due to q, =1 and q2 = q3 = 0, 
N Y I 2  is the tip displacement due to q2 =1 and q1 = q3 = 0, etc. For this study three PSDs were 
calculated: tip displacement, tip rotation, and root bending moment. 

The modal complex frequency response matrix pH(o)] and the my] matrices were determined 
using a modified gust analysis MAPOL sequence. All other computations were performed 
outside of ASTROS (Fortran 77 code included in appendix B). input files are 
included in appendix C. 

ASTROS 

3. RESULTS. 

3.1 BUFFET FORCING FUNCTION [EXPERIAEYTAL) 

Due to the complications and shortcomings of the data acquisition system, it was pointless to 
attempt parameter studies. The resulting PSDs computed using the alternate approach, as 
described in section 2.2.2, will only be presented in. a representative manner. 

For comparison, figures 6 (in section 2.1) and 21 represent buffet pressure power spectral 
densities from similar experimentation. As most of the previous research primarily involved 
wing buffet due to local separations (or vortex burst related), unsteady pressures shown in these 
figures are primarily due to local (wing) separations. The major aspects that can be compared 
from these figures are the ma,~tudes and the decays. 

Comparing figures 6 and 21 to the results of this study, represented by figure 22, the ma,&ude 
becomes the primary obstacle. The PSDs estimated in this project are nearly four orders-of- 
magnitude higher. In addition the spikes due to the data acquisition system dominate the PSD. 
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FIGURE 22. COMPUTED BUFFET PRESSURE PSD (RUN 10, POINT 5, CHANNEL 0) 
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3.2 AEROELASTIC RESULTS (ANALYTICAL). 

Although it has been established that the validity of the estimated data i s  questionable, the 
analytical segment of the research (as detailed in section 2.3) was completed to establish the 
soundness of the overall methodology. Root bending moment, tip deflection, and tip twist were 
computed using the estimated PSD of the flight condition shown in figure 22; the bending 
moment results are summarized in figure 23. It was decided that it would not be prudent and 
may be potentially misleading to perform parameter studies. 

For comparison, the bending moment was also computed using data from reference 5 and 
included previously as figure 6. As the buffet forcing function is nearly constant with frequency 
in the region of concern, a constant PSD equal to 0.0001 psi2/Hz was used for all transducers and 
frequencies. The results are summarized in fi,we 24. 

0 70 4U 60 80 100 120 140 160 IiO 2 
Frcquency, Hz 

FIGURE 23. COMPUTED BENDING MOMEXT FOR THE BEECH KING A I R  200 
(RUN 10, POINT 5 ,  LEFT SIDE) 

0.04 

0.03 \ 
0.02 

0.01 

FIGURE 24. COMPUTED BENDING MOIvlE3T FOR THE BEECH KING AJR 200 
WITH BUFFET PRESSURE PSDS EQUAL lo4 



Comparing figures 23 and 24 further confirms that the current experimental data was not valid. 
The root bending moment shown in figure 23 is completely unreasonable, while the data shown 
in figure 24 is reasonable. This illustrates the importance of properly estimating the buffet 
forcing function. An example of a bending moment PSD from reference 3 is included as 
figure 25 for further comparison. 
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FIGURE 25. PREDICTED BENDING MOMENT PSDS [?I F-18 VERTICL 
TIUP, 12 PERCENT WIND TUNNEL MODEL V=S 1.5 FT/SEC 
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Pnssun 

PSD 

4. CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK. 

The most significant conclusion of this project is reaffirmation of the complex nature of the 
topic. Extreme care needs to be taken in each segment of the work. Experimental equipment 
should have known the characteristics prior to testing and should be operated by experienced 
personnel. The overall feasibility of the methodology has been proven through example and can 
be easily improved by reducing the number of modules. 

The recommendations for future work are 

Repeat the experimental segment of this current work with a data acquisition system 
which has known characteristics and a built-in data reduction system. Ideally the tail would 
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contain a denser pressure transducer array to reduce the interpolation and extrapolation. This 
would allow the use of the tools already established to quickly establish significant parameters. 

After establishing the significant parameters, a much smaller test matrix could be 
implemented to perform scale studies. In particular several size models should be tested to 
establish the tunnellmodel ratio and Reynold’s effects. 

Dynamic testins should be performed to determine the effects of rates on the severity of 
buffet. This would include rate of change of angle of attack and heading angle. This testing is 
critical to a comprehensive study and subsequent modeling of buffet effect as the most severe 
tail buffet typically occurs during stall recovery. This flight condition is obviously very rate 
dependent. Buffet prediction based on the aforementioned dynamic testing would require 
additional analysis in postprocessing, as the result is nonstationary by definition. 

t An additional study of interest would be the experimental testing of a model with 
simulated fuselage torsion. The model would ideally have a spring in the tail section that would 
allow the torsion mode of the fuselage to be excited. This study would analyze this effect on the 
severity of buffet. 

The analytical modeling should be improved to include convergence of both the 
structural and aerodynamic models. The structural model would be much improved with the 
inclusion of ground vibration data. Many of the 
computations of this phase could also be easily implemented in ASTROS. This approach would 
render the modeling more synergistic and portable. 

This w-ould insure accurate modelling. 
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APPEhDIX A 

Test Matrix 
and 

Test Conditions 

The test matrix contains the columns: 

run - 
9 -  
qcor- 
alp cor - 
psi - 
rudder - 
elevator - 
flap - 

run number 
dynamic pressure (psf) 
dynamic pressure with wind tunnel corrections 
angle of attack with wind tunnel corrections, in degrees 
heading angle in degrees 
rudder deflection in degrees 
elevator deflection in degrees 
flap deployment (full is 35 degrees) 

The computed test conditions contains variables needed for other computations; the entries 
differing from the test matrix are: 

temp - 
bar0 - 
T - R -  
rho - 
V -  
Vsound - 
Mach - 
Rdft 

tunnel temperature in O F  

barometric pressure in in. Hg 
temperature in Rankine 
density in slugs per cubic foot 
velocity in fds 
speed of sound in ft/s 
Mach number 
Reynolds number per foot 
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Test Matrix 

run 

1 

2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
M 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4 8  
49 
50 
51 
52 
53 

q qcor 
- -  
25 {25, 25.1.25,25.2.25} 
25 {25,25,252.25.2,25.2.25.1, 

" 25,25.2.25.4,25.3,252,25.3, 
' 25.3,25.4,25.4,25.5,255,25.5) 

25 {24.9,24.9,24.9,25.1,25.4,25.7) 
25 {25,25.25.25.1.25.4} 
40 (40.9.40.4,41.1,40.7) 
35 (35.2. 35.3.35.1, 35.1, 35.4, 35.7) 
35 I34.7, 34.9.35,35.1.35.5) 
35 (35.2, 35.3.Z.l. 35.5) 
25 {25,25.1.25.3.25.4,25.3 
25 (24.8.24.9.24.8, 25.2,25.3} 
25 {24.9.25,25.1 I 25.4,25.3} 
35 {34.7.352,34.8,35.5,35.7) 
35 {35.35.35.35,35.4} 
35 I35.1. 34.8,35,35.1,35.5) 
25 {24.8,25.25.25.3,25.6} 
25 p4.a. 24.8,24.9.25.1,25.3) 
25 (25,25,25.1,25.1.25.4) 
35 {34.9.34.8,35.1, 352, 35.5.36) 
35 (34.8.35, 34.9,35,%.5j 

25 (25.2.25.1.25.1, 25.5,25.6} 
25 (25.1.25,24.9.25.25.4) 
25 (25.4.25.5,25.5,25.5,251} 
35 {35.4,35.5,35.6, 36.36) 
35 {35.35.35.2,35.1,35.4) 

25 (24.9,24.9,25.2,25.1.25.4) 
25 (25.1,25.1,25.1,25.1,25.3} 
25 (25.2.25.2,25.1,25.2.. 25.2) 
35 I352.35.1, 35.1, 35.5,35.8} 

35 (3535.35.35.4, 35.5) 

35 (352.35.3.352,35.2.35.3} 

35 (35,35, 35. 35.2.35.5) 
35 {35. 35.1, 35.2.352, 35.6); 
35 {34.7,34.9,35.3,35.4,35.6} 
35 (a.9.34.9, 34.9. .35.1, 35.4) 
35 {35,34.9,35,352.35.5) 
35 {35.1.34.9,35.3. 35.6.35.7) 
35 {34.9.35.2.35.2,35.2,35.6) 
35 {35,35.3.352,35.3,35.5) 
35 (34.5.34.8.35.1.35.4.35.8) 

35 {35.3.35.1.35.3.35.3.35.3} 
35 (34.8, 34.8, 34.9,S.l. 35.45 

35 {?K, 35,35.8,35.5.35.7) 
35 (34.9, 34.9.35. 35.3. 35.6) 
35 {35, 34.9, 35.1,352,35.7) 
35 (34.8.35.1, 35.3,36} 
35 (35, 35.1,35.3.35.8} 
35 (35,35.1,35.5,35.7) 
35 {34.8, 34.9, 35.5,s) 
35 (35, 35.35.4, 35.8} 
35 I35.2, 34.9.353.35.6) 
35 (34.9, 34.8,35.2.35.8) 
35 (35.2, 34.8, 35.2,35.7) 

alp cor 
__ 
{0.4,6.4. 11.5, 12.7, 13.7) 
{0.2,5.7, 10.9, 11.9. 13, 14, 
14.9, 16. 16.9, 18. 19.1.20.1, 
21,22,23,24.1,25.1,26) 
(0.3.5.9.10.9, 16.1.21.1.26) 
(0.3.5.8.11, 16.1.21.1) 
{02,5.8.11, 16.1) 
102.5.8, 11, 16,21, 2.7) 
{0,3,5.9.11.1, 16.1,21} 
{0.3,5.9. 11.1.16.1) 
{0.2.10.9, 16.1,21,26} 
{0.3,5.7, 11.1.16.2.21} 
(0.3,5.7, 11, 16,21} 
{0.2,11.16,21,26} 
(0.2.5.7.1 1.16.21 .I) 
{0.3.5.8,11.1, 16.If21} 
{0.2.11.1, 16.1.21.1,26.1} 
I0.3.5.9, 10.9, 16.2.21) 
(0.3.5.8, 10.9,16.1.21.1) 
{0.2,5.8.11,16,21.1,26} 
(0.3, 5.9, 11.1, 16.21) 
{0.3,5.8, 11. 16,21.1} 
(0.2,11.3,16.4.21.5,26.5) 
f0.2.5.9.11.3,16.5,21.5} 
(0.4,6, 11.2.16.6.21.5) 
{0.2.11.3,16.3,21.4,26.4} 

(02.5.6, 10.9,15.9,20.9} 
{O.l, 10.7,16,21.26} 
(02.5.6, 10.9, 16.21) 
(0.2.5.7, 10.7, 16,211 
(0.1.11.15.9.21.26) 
(02.5.6.10.8, 15.9.20.9) 
{02.5.6,10.8. 16.21) 
(0.1.10.9,16,21.26} 
(02.5.7,10.8, 16,21} 
{02,5.6,11.16,21} 
(0.4.11,16.1,21.1.26} 
{0.4,6,11.1,162.21.1) 
{0.4.5.9.11.16.1.21.1} 
{0.4.11.1.16.1,21.1,26.1} 
{0.4,6,11.1.16.2,21) 
{0.4.5.9.11,16.2,21.1} 
(0.3,11.1.16.1,21.1,~.1} 
{0.4.5.8.11, 16.1,21} 
{0.4,5.8,10.9,16.1,21,1} 
(0.9, 11.7.16.5.21.4) 
(0.9.11.6.16.5.21.4) 
(0.9.11.4, 16.5,21.3} 
{O.S. 11.7,16.5,21.4} 
I0.9. 1 1.6. 16521.4) 
(0.9, 11.4, 16.6,21.3} 
{0.9.11.6,16.5,21.4} 
{0.9.11.5.16.5.21.3) 

{0.2,5.7,10.9,15.9,20.9} 

psi rudder elevator flap 

0 0 0 0 noisenoor 
0 0 0 0  
0 0 0 0  . .  . .  

-10 0 0 0  
-24 0 0 0  
0 0 0 0  
0 0 0 0  

-10 0 0 0  
-20 0 0 0  

0 -10 0 0  
-10 -10 0 0  
-20 -10 0 0  

0 -10 0 0  
-10 -10 0 0  
-m -10 0 0  
0 -20 0 0  

-10 -20 0 0  
-20 -20 0 0  

0 -20 0 0  
-10 -20 0 0  
-20 -20 0 0  
0 0 -20 0 

0 -20 0 -10 
-20 0 -20 3 
0 0 -20 0 

-1 0 0 -20 0 
-20 0 -20 0 

0 -10 -20 0 
-10 -10 -20 0 
-20 -10 -20 0 

0 -10 -20 0 
-10 -10 -20 0 
-20 -10 -20 0 

0 -20 -20 0 
-10 -20 -20 0 
-20 -20 -20 0 

0 0 2 0 0  
-1 0 0 2 0 0  
-20 0 m o  

0 -10 3 0  
-10 -10 2 0 0  
-20 -10 M O  

0 -20 a 0  
-10 -20 2 0 0  
-20 -20 2 0 0  
0 -20 M ' Full 

-10 -2u x) Full 
-20 -20 Full 

0 0 20 Full 
-10 0 2J Full 
-20 0 20 Full 

0 -10 20 Full 
-10 -10 x) Full 
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Test Matrix 

run q qcor alp cor 

54 35 [35.1, 35.1, 35.3, 35.7) 
55 35 I35.3. 35.3. 35.435.71 

57 35 (35.2. 35.1,35!3,35.f) 
59 35 {35.35,35.4,35.8} 
59 35 (Za.8.35.3,35.4,35.8} 
€0 35 {352,35.1,35.5,35.7) 

E2 35 p4.9.35.3, ?i5.5,35.8,35.3.35.1,35.7.357) 
63 35 {34.7,35,35.3,36} 
64 35 (35,35.35.4.35.4} 

56 35 (34.9. 35.1,35.6, 35.8) 

61 35 {=.8.35.1.35.3,35.7) 

65 35 [34.9,35.3,35.4, 36.1) - 
& 35 {34.9,35.2,35.3.35.6} 
67 35 {a. 34.9.35.4,35.7) 
68 35 (35,35.1,35.1} 
69 25 I24.8.24.8) 
70 -- - 
71 35 {35,34.3.35.3,36.3} 
72 35 (353.35.2, 354,351) 
73 35 (35.3, 35.1.35.4, 35.8) 
74 25 {25.3, 25.1,25.2.25.5} 
75 41 [@.9, 41.1.41.3, 41.8) 

{0.9,11.5, 16.5. 21.3} 
I0.7. 11.5, 16.3.21.3) 
(0.7.11.5, 16.4, 21.2) 
{0.7,11.3, 16.5,Zl.s) 
(0.7.11.3, 16.3,21.3] 
{0.7,11.4,16.3, 21.3} 
{OI, 11.5,16.4.21.3} 
[0.7,11.3, 16.4.21.3) 
{0.7,11.5.16.3,21.2.0.7.11.4, 16.4.212) 
[O.S. 1 1.5,16.4.21.3] 
{0.8.11.5,16.4, 11.6) 
(0.8.11.4, 16.4.21.4) 
{0.8,11.4, 16.4,21.3} 
{0.8,11.5,16.6,21.3) 
{0.8.11.3,112) 
{O,Q 
- 
[0.8,11.6.16.4.21.3} 
{0.8,11.6,16.4,212] 
8.8,  11.4, 16.6,21.3} 
{0.7,11.4. 16.3,21.2} 
{0.7,11.4.16.3,212} 

psi 

-20 
0 

-10 

-20 
0 

-1 0 
-20 
0 

-1 0 
-20 

0 
-1 0 
-20 

0 
-1 0 
-m 
- 

0 
-1 0 
-20 
0 
0 

rudder elevator flap 

-10 
0 
0 
0 

-10 
-10 
-10 
-20 
-20 
-20 

0 
0 
0 

-10 
-1 0 
-10 

+ I 

-20 
-20 
-20 
0 
0 

0 
0 
0 

-20 
-20 

Full 
Full 
Full 
Full 
Full 
Full 
Full 
Full 
Full 
Full 
Full 
Full 
Fldl 
Full 
Full 
Full 

Full 
Full 
Full 
Full 
Full 

- ncisefioor 
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Computed Test Conditions 

run alpcor qc temp bar0 T-R rho mu V Vsound Mach Rn/ft rho-ast rhoave Mave 
1 0.0 0.0 73.57 28.43 53324 2.197E-03 3.828E-07 O.Oo0 1132.00 0.W O.WE+W 1.06E-07 

2 0 4  250 73.57 28.40 53324 2.194E43 3828E07 150.950 1132.00 0.133 8.65E4 l.WE-07 

2 6.4 25.1 7923 28.39 53S.m 2171E03 3.860E-07 152.074 1137.59 0.134 8.55E-105 1.05E-07 
2 11.5 25.0 81.17 28.39 540.84 2.163E-03 3.871E-07 152.034 1140.04 0133 8.50E45 1.04E-07 1.04E-07 0134 
2 12.7 252 82.94 28.39 542.61 2.156E-03 3.880E-07 152.890 1141.90 0.134 8.50E+05 1.ME47 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 

0 2  25.0 
5.7 25.0 

10.9 252 
11.9 252 
13.0 252 
14.0 25.1 
14.9 25.0 

16.0 252 
16.9 25.4 
18.0 25.3 
19.1 252 
20.1 25.3 
21.0 25.3 
22.0 25.4 
23.0 25.4 
24.1 25.5 
25.1 25.5 

76.57 28.37 
8223 28.36 
84.53 28.37 
85.42 20.37 
06.65 20.30 
87.36 20.37 

88.78 28.37 
89.48 28.37 
89.13 28.38 
90.90 28.36 
91.08 20.37 
91.78 28.36 
9267 2836 
9320 28.35 
93.73 20.35 
94.4 28.35 
95.14 28.35 

53624 2.180E43 3.845E-07 151.449 
541.90 2.157E-03 3.876E-07 152267 

54420 2.148E43 3.889E-07 153.188 

545.09 2.145E-03 3.894E-07 153291 

546.32 2.140E43 3.901E-07 153.455 

547.03 2.137E-03 3.905E-07 153260 
548.45 2.131E-03 3.913E-07 153.173 
549.15 2.129E-03 3.917E-07 153.873 

548.80 2.131E-03 3.915E-07 154.400 
5505' 2.123E-03 3.925E-07 154.398 
550.75 2.123E-03 3.926E47 15d.085 
551.45 2.11933 3.930E-07 154.- 
552.34 2.116E-03 3.935E-07 154.W 

552.87 2.113E43 3.938E47 155.047 
553.40 2.lllE-03 3,941E47 155.132 
554.11 2.108E03 3.945E-07 155.526 
554.81 2.105E-03 3.949E-07 155.636 

1135.18 0.123 8.59E45 
1141.16 0.133 8.47E45 
1143.57 0.134 8 . 4 6 E 6  
1144.50 0.134 8.44E-105 
1145.80 0.134 8.42E-105 
1146.54 0.134 8.39E+05 
1148.03 0.133 8.34E45 
1148.77 0.134 8.36E+05 
1140.40 0.134 8.40EA5 
115024 0.134 8.35E45 
1150.43 0.134 8.33E45 
1151.17 0.134 8.33EM5 
1152.09 0.134 8.32E45 
1152.64 0.135 8.32E+05 
115320 0.135 8.31E45 
1153.93 0.135 8.31EM5 
115r1.67 0.135 8.30EM5 

1.05E-07 
1.04E-07 
1 .ME47 
1.03E-07 
1.03E-07 
1.03507 

1.03E-07 
1.03E.07 
1.03E-07 1.WE-07 0.134 
1 .WE47 
I .WE47 
1.02E07 
1.02E-07 
1 .ME47 
1 .ME47 
1 B2E-07 
1 .ME07 

4 0.3 24.9 90.37 28.35 55o.W 2123E-03 3.922E-07 153.141 1149.69 0.133 8.29E45 1.ME07 
4 5.9 24.9 92.67 28.35 552.36 2.115E.03 3.935E47 153.461 1152.09 0.133 825E+05 1.ME-07 

4 10.9 24.9 94.08 28.34 553.75 2.109E-03 3.943E-07 153.679 115356 0.133 822E$05 1.02E-07 

4 16.1 25.1 96.03 28.34 555.70 2.102E43 3.953E-07 154.555 1155.59 0.134 822E45 1.01E-07 1.02E47 0 134 . 
4 21.1 25.4 96.56 28.34 55623 ZlOOE-03 3.956EW 155.550 1156.14 0.135 8.25E45 1.01E-07 

5 0.3 25.0 97.62 28.35 55729 PO96E-03 3.962E-07 154.456 115724 0.133 8.17E45 1.01E-07 
5 5.0 25.0 97.97 28.35 557.64 2095E-03 3.9ME-07 154.505 1157.61 0.133 8 .16E6  1.01E-07 
5 11.0 25.0 98.50 28.34 558.17 2.092E43 3.967E-07 154.590 1158.16 0.133 8.15E45 1.01E-07 i.oiE-07 0.134 
5 16.1 25.1 98.33 28.35 558.00 2.093E43 3.966E-07 154.863 1157.98 0.134 8.17E45 1.oiE-07 

6 0 2  40.9 8223 28.40 541.90 2.160E-03 3.876E-07 194.624 1141.16 0.171 I.OBE+06 1.04E-07 
6 5.8 40.4 89.66 28.41 549.33 2.131E-03 3.918E-07 1 W . m  1148.95 0.169 1.06E-1-W 1.03E-07 1.03E-07 0.170 
6 11.0 41.1 93.55 28.40 5 5 3 Z  2.115E-03 % W E 0 7  197.126 1153.01 0.171 l.ME& 1.02E-07 
6 16.1 40.7 96.91 28.41 556.58 2.103E43 3.958E-07 196.732 1156.51 0.170 1.05€+06 1.01E-07 

7 02 352 97.09 28.41 556.76 2.102E-03 3.959E07 182.999 1'156.69 0.158 9 .72E4  1.0iE-07 
7 5.8 35.3 97.80 28.41 W.47 21OOE-03 3.963E-07 183.375 1157.43 0.158 9.71E45 1.01E-07 
7 11.0 35.1 98.86 28.41 558.53 2096E-03 3.969E-07 183.003 1158.53 0.158 9.66E45 1.01E47 1.0iE-07 0.158 
7 16.0 35.1 99.74 20.42 559.41 2.093E-03 3.974E-07 183.135 1159.44 0.158 9.65E45 1.01E-07 
7 21.0 35.4 101.16 28.43 560.83 2.089E43 3.982E-07 184.111 1160.91 0.159 9.66E45 l.OlE-07 

8 0.3 34.7 10328 28.42 562.95 2.080E-03 3.S94E47 182.664 1163.10 0.157 9.51E45 1.COE-07 
8 5.9 34.9 104.34 28.42 564.01 2.076E03 3.999E-07 1B3.349 116420 0.157 9.52E45 l.WE47 

A-4 



Computed Test Conditions 

run alpcor qc temp baro T-R rho mu V Vsound Mach Rn/R rho-ast rhoave Mave 

8 11.1 35.0 104.34 28.41 564.01 2.076E-03 3.999E07 183.637 116423 0.159 9.53E45 1.00E-07 1.00E-07 0.158 
8 16.1 35.1 10522 28.42 564.89 2073E43 4.oWE-07 184.031 1165.11 0.158 9.53Ei-05 1.00E-07 

9 0.3 352 107.52 28.41 567.19 2.064E43 4.017E-07 , 184.680 1167.48 0.158 9.49E6 9.95E-08 

9 5.9 35.3 108.23 28.42 567.90 2.062E-03 4.MlE-07 185.045 116821 0.158 9.49€+05 9.94E-M 9.95E-08 0.159 

9 11.0 35.1 107.70 28.43 567.37 2.065E-M 4.018E47 184.362 1167.66 0.158 9 . 4 8 E 4  9.96EOB 

10 0 2  25.0 95.14 28.43 554.81 2.111E-03 3.949E-07 153.899 1154.67 0.133 8.23E45 1.02E-07 

10 10.9 25.1 98.68 28.43 558.35 2098E-03 3.968E07 19.687 1158.34 0.134 8.18E+05 1.01E-07 

10 16.1 25.3 100.62 28.42 56029 209oE03 3.979E47 155.W 1160.36 0.134 8.17E+05 1.01E-07 1.01E-07 0.134 

10 21.0 25.4 100.80 28.43 560.47 2.090E-03 3.980E-07 155.915 1160.54 0.134 8.19E+05 1.01E-07 

. .  

11 0.3 24.8 102.75 28.42 56242 2-a 3.991E07 154.351 1162.56 0.133 8.05E+05 1.00E.07 

11 5.7 24.9 102.39 28.42 5Mo6 E W E 4 3  3.989E-07 1U.602 116219 0.133 8.08E+05 1.00E-07 

11 11.1 24.8 103.10 28.41 56277 2080E-03 3.993E-07 154.410 116292 0.133 8.oSEK15 1.00E-07 l.OOE47 0.133 

11 162 252 10328 28.43 56295 2.081E-03 3.WE-07 155.642 1163.10 0.134 8.11E+05 1.00E-07 

. . 

12 0.3 24.9 105.05 20.42 564.72 2073E43 4.003E-07 154.977 11U.93 0.133 8.03E& 1.00E-07 

12 5.7 25.0 10522 28.42 564.89 2.073E-03 4.WE-07 155.202 1165.11 0.133 8.04E+05 1.WE-07 

12 11.0 25.1 104.69 28.43 564.36 2.075E43 4.001E-07 155.528 11W.56 0.134 8.07E6 l.WE-07 1.00E-07 0.134 

12 16.0 25.4 105.40 28.44 565.07 2.074E43 4.005E-07 156.520 116523 0.134 8.10E& 1.WE07 

13 0 2  34.7 B.92 28.43 559.59 2.093E-03 3.975E47 182080 1159.63 0.157 9.59E45 1.01E-07 

13 11.0 352 106.11 28.42 565.78 2.070E43 4.mE47 184.437 1166.02 0.158 9.52Ei-05 9.98E-08 
13 16.0 34.8 110.17 28.43 569.M 2056E-33 4.032E-07 183993 117021 0.157 9 .38Ed  9.91E-M 9.95E-08 0.153 

13 21.0 35.5 111.41 28.44 !Z'l.W 2.052E03 4.ME-07 186.023 1171.48 0.159 9.45E+05 9.89E-08 

14 02 35.0 11424 20.44 573.91 -2042E-03 4.054E-07 185.165 1174.38 0.158 9.33E+O5 9.85€49 
14 5.7 35.0 114.95 28.43 574.62 2 m E 4 3  4.058E-07 185.305 1175.10 0.153 9.31E4 9.83Eo8 
14 11.0 35.0 115.48 28.43 575.15 2a37E03 4.061E07 185.391 1175.64 0.159 9.=€*05 9.82E-08 9.82E4 0.158 
14 16.0 s . 0  115.66 28.44 57533 2037~03 4.osr~-or 185.394 i i75.w 0.1% 9 . 3 0 ~ ~  9 . ~ ~ - 0 8  

15 0.3 35.1 106.46 28.44 566.13 2070E03 4.011E47 184.168 1166.39 0.158 9.50E4 9.98E.08 
15 5.8 34.8 110.53 28.43 57020 2055E43 4.033E47 1B4.050 1170.57 0.157 9.38E45 9.91E-08 
15 11.1 35.0 112.65 28.44 57232 2 M E 4 3  4.W5E-07 184.896 11-75 0.158 9.36E+# 9.87E-08 9.89E-08 .0.158 

15 16.1 35.1 114.07 2E.44 573.74 2.W2E-03 4.053E-07 185.401 1174.19 0.158 9.34E45 9.85E-08 
15 21.0 35.5 116.01 28.45 575.69 2.036E-03 4.mE07 186.752 1176.18 0.159 9.36E45 9.82Ee 

16 02 24.0 9620 28.41 555.87 2106EQ3 3.954E-07 1S.482 1155.77 0.133 8.17E+05 1.02E07 
16 11.1 25.0 10133 28.41 561.00 2086EQ3 3 . M - 0 7  154.809 1161.m 0.133 B.llE& 1.01E07 
16 16.1 25.0 103.63 28.41 563.30 2078E-03 3.996E-07 155.115 11a.47 0.133 8.07E+05 1.00E-07 1.00E-07 0.1M 
16 21.1 25.3 105.05 28.42 W.72 2073E-W 4.W3E-07 156217 1164.93 0.134 8.09Eco5 1.00E-37 

17 0.3 24.8 108.05 28.41 567.72 2.M2E43 4.023E47 155.099 1168.03 0.133 7.96E45 9.94E-08 
17 5.9 24.8 108.58 28.40 56825 2.059E43 4.023E-07 155.192 1168.57 0.133 7.94E45 9.93E48 
17 10.9 24.9 1oB.94 28.41 568.61 2.058E-03 4.025E-07 155.543 1168.93 0.133 7.96E45 9.93EM 9.93E48 0.133 
17 162 25.1 109.47 28.41 569.14 2.055E-03 4.028E-07 156239 1169.48 0.134 7.98E45 9.92E48 
17 21.0 25.3 110.00 28.40 569.67 2.(354E'-03 4.031E-07 155.944 1170.03 0.134 8.00€+05 9 . 9 I E a  
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Computed Test Conditions 

run alpcor qc temp bar0 T-R rho mu V Vsound Mach Rn/fl rho-ast rhoave Mave 

18 0.3 25.0 110.88 28.40 570.55 2.051E03 4.035E-07 156.132 1170.93 0.133 7.94E& 9.89E-OB 
18 5.8 25.0 11124 28.40 570.91 2050E-03 4.037E-07 156.180 1171.30 0.133 7.93E45 9.WE-Oe 
18 10.9 25.1 111.41 28.41 571.08 2.W9E-03 4.038E-07 156.506 1171.48 0.134 7.94E6 9.BBE-08 9.88Ea 0.134 
18 16.1 25.1 111.59 28.41 57126 2.WE-W 4.039E-07 156.519 1171.66 0.134 7.94Ei.05 9.5sE-08 

19 02 34.9 ii0.w 28.39 s , 6 7  2.054EM 4.031E.07 184.356 1170.03 0.158 9.39E+o5 9.9oEoB 
19 5.8 34.8 113.89 28.40 573.56 2.040E43 d.WE-07 184.707 1174.01 0.157 9.30E45 9.84EOB 
19 11.0 35.1 115.83 28.39 575.50 2.033E-03 4.062E-07 185.828 1176.00 0.158 9.3oEh05 9.8OE-08 
19 16.0 352 11725 28.39 576.92 2.028E-03 4.070E47 186.334 1177.45 0.158 9.28E+05 9.78E08 9.80E-08 0.158 
19 21.1 35.5 118.49 28.39 578.16 2.024E-03 4.077E-07 187.314 1178.71 0.159 9.30E.145 9.76E-08 

2U 0.3 34.8 104.69 28.38 564.36 2.072E-03 4.WlE-07 183271 1164.56 0.157 9.49EtO5 9WE-OS 

20 11.1 34.9 112.47 2839 572.14 2.044E43 4.044E-07 164.782 117256 0.158 9.34Ea 9.86E-M 9.87E49 0.158 
ZQ 16.0 35.0 114.W 28.38 57427 2036E03 4.056E-07 185.402 1174.74 0.158 9.31EG 9.- 

x) 5.9 35.0 109.64 28.40 569.31 2.055E43 4D2DE-07 1 8 4 m  1169.66 0.158 9.42E+05 9.9rE-os 

21 0.3 35.0 118.66 28.39 578.33 2.023E43 4.078E47 186.032 1178.89 0.159 923E+05 9.75E-08 
21 5.8 35.0 118.M 28.39 57851 2.OZ?E-03 4.079E47 186.073 1179.07 0.158 92221.05 9.75E43 
21 11.0 35.0 120.08 28.39 579.75 2.018E03 4.EE47 186259 1180.33 0.158 9 M E 6  9.73E-08 9.73E08 0.158 
21 16.0 35.4 120.61 28.39 58028 2.016E-03 4.WE47 187.419 1180.87 0.159 924E+05 9.72E-08 

22 02 252 81.88 28.53 541.55 2.171E-03 3.874E-07 152371 llm.78 0.134 8.54E+05 1.05E-07 
22 11.3 25.1 88.07 28.54 547.74 2.147E03 3.909E-07 152914 114728 0.133 8 . 4 0 E 6  1.oQEQ7 
22 16.4 25.1 90.90 28.53 550.57 2.135E-03 3.525E-07 153.329 115024 0.133 8.24E.ro5 1.03E47 1.03E-07 0.134 

22 21.5 25.5 92.49 28.53 552.16 2.129E-03 3.93E47 1%.?70 1151.91 0.134 8.38E45 1.03E-07 

23 02 25.1 95.67 28.54 555.34 2117E-03 3.952E-07 153.982 115522 0.133 825E45 1.02E-07 
Z 3  5.9 25.0 96.38 28.54 556.05 2115E-03 3.955E47 153.762 1155.96 0.133 8.22E+05 l.WE47 
23 11.3 24.9 96.56 28.54 55623 2114E43 3.956E-07 153.479 1156.14 0.133 8.xIE45 1.ME-07 1.02E-07 0.133 
25 16.5 25.0 9620 28.54 55587 2115E-03 3.954E-07 153.7M 1155.77 0.133 8Z?E+05 1.02E-07 

24 0.4 25.4 99.56 28.54 55923 2.103E-03 3.973E47 155.431 115926 0.124 823E-145 1.01EO7 
24 6.0 25.5 100.09 28.54 559.76 2.101E-03 3.976E07 155.799 1159.81 0.134 8232+05 1.01E-07 
24 112 25.5 100.62 28.54 ma 2.099- 3.979137 is.m 1160.36 0.1% SZE+OS 1.01~07 1.01~47 0.134 
24 16.6 25.5 100-62 2855 56029 2.099E-03 3.979E-07 155.862 1160.36 0.134 822E+55 1.01E47 

~~ . 

25 02 35.4 97.44 28.55 55711 2112E43 3.961E-07 183.107 1157.06 <.I58 9.76€+# 1.ME-07 
25 11.3 35.5 10257 28.56 56224 2093E-03 3990E-07 184195 1162.37 0.158 9.66E& l.OlE-07 
25 16.3 35.6 10398 2856 56365 2.DBBEP3 3.997E-07 184.674 1163B3 0.159 9.64Ei.05 1.01E-07 1.01E-07 0.159 
25 21.4 36.0 10522 2857 564.89 2.084E-03 4.004E47 185.874 1165.11 0.160 9.67E+55 1.01E-07 

26 5.7 35.0 99.92 28.60 559.59 2.106E-03 3.975E-07 182323 1159.63 0.157 9.66E~5 1.02E47 
26 10.9 352 10328 28.59 562.95 2.093E43 3.W4E47 183.404 1163.10 0.158 9.61E4 1.01E-07 1.01E-07 0.158 
26 15.9 35.1 103.45 28.60 563.12 2.093E-03 3.995E-07 183.160 116329 0.157 9.59EK5 1.01E-07 
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Computed Test Conditions 

run alpcor qc temp bar0 T-R rho mu V Vsound Mach Rn/ft rho-ast rhoave Maw 

27 02 352 109.11 28.59 568.78 2.071E-03 4.026E-07 184.352 1169.12 0.158 9.&E+aS 9.99E08 

27 5.6 35.3 110.00 28.59 569.67 2 . W E G  4.mlE47 184.758 1170.03 0.158 9.48E4 9.97E# 

27 10.9 352 110.71 28.60 570.38 2.066E-03 4.mE-07 184.597 1170.75 0.159 9.45E+05 9.96E48 9.97E-08 0.158 

27 15.9 352 111.06 28.60 570.73 2.065E-03 4.036E-07 184.642 1171.11 0.158 9.45Eco5 9.96E-08 

28 0.1 24.9 102.57 28.59 56224 2.095E-03 3.990E47 154.179 116237 0.133 8.10€+05 1.01E-07 
28 10.7 24.9 105.05 28.59 564.72 2.086E-03 4.oWE-07 154.507 11W.33 0.133 8.05E+05 1.01E.07 

28 16.0 252 106.64 28.59 566.31 2.081E-03 4.012E-07 155.M 1166.57 0.153 8 .07E6  1.00E-07 1.01E07 0.133 

28 21.0 25.1 106.M 28.59 566.31 2.08OE-03 4.012E07 155.345 1166.57 0.133 8.05EtO5 1.00E07 

29 0.2 25.1 lOS.58 28.59 56825 2073E-93 4 .0nM7 155.611 1168.57 0.133 8.02E45 1.oOE47 

29 5.6 25.1 108.76 28.59 568.43 2.073E-03 4.024E47 155.625 1168.75 0.133 8.ME45 1.M3E-07 

29 10.9 25.1 108.58 28.59 56825 2.073E43 4.023E-07 155.611 1168.57 0.133 8.ME+05 1.00E-07 l.DoE-07 0.133 
29 16.0 25.1 1OS.H 28.59 569.31 2.070E-03 4.OBE-07 155.746 116g.66 0.133 8.00€+05 9.98foe 

30 02 252 110,s 28.59 570.02 2.~66~-03 4.032~47 156.174 1170.3 0.133 8.00~- 9.97~-08 

30 5.7 252 110.88 28.59 570.55 2.064E-03 4.035E-07 156247 1170.93 0.133 7 .99Ea  9.96E-08 
30 10.7 25.1 110.71 28.59 570.35 2.CEtE-03 4.034E-07 155.923 1170.75 0.133 7.98€+OS 9.96E-08 9.96E-08 0.133 

30 16.0 252 111.06 28.59 570.73 2064EM 4.op6E-07 156271 1171.11 0.133 7.99E+Q!j 9.95E-08 

31 0.1 352 98.68 28.59 558.35 ~11OE-03 3.968E47 182679 1159.34 0.153 9.71E+05 1.02E47 

31 11.0 35.1 1M.a ,28.59 566.31 2Q8oE-03 4.012E-97 183.702 1166.57 0.157 9.52EG 1.oOE-07 

31 15.9 35.1 109.11 28.58 W.78 2070E-03 4.026E-07 184.141 1169.12 0.159 9.47E+05 9.98EG 1.00E-07 0.158 
31 21.0 35.5 11124 28.57 5'70.91 2062E-03 4.037E07 185.545 1171.30 0.158 9.&E+O5 9.95E-08 

Z 2  02 35.0 11566 28.57 57523 2046E43 4.061E47 184.959 1175.62 0.157 9.32Ed 9.87E-08 

32 5.6 35.0 11689 28.57 576.S 2.WZE-W 4.068E-07 lE5.159 ll i7.09 0.157 9.29E+OS 9.85E-W 

3? 10.8 35.0 11725 28.56 V692 2.040E-03 4.070E-07 165240 1177.45 0.157 928E+05 9.WE-08 9.85E-08 0.1% 

32 15.9 352 116.54 28.57 57621 2 .WE43  4.066E-07 185.629 1176.73 0.158 9.33E45 9.85E43 

33 02 35.0 112.12 28.54 571.79 2M7E-03 4.042E07 184.491 117223 0.157 9.3!4E+C5 9.92E48 
33 5.6 35.1 115.13 B.!X 574.80 2.W7E-W 4.W3E-07 185201 117.528 0.158 9.34€+05 9.87E- 
33 10.8 352 117.43 28.55 577.10 2039E-03 4.071E-07 185.835 11n.W 0.158 9.31E- 9.83E-08 9.85E45 0.1% 
33 16.0 352 118.13 28.55 5f7.80 2036E03 4.075E07 185.962 1178.35 0.159 929Ei-05 9.82E-33 

34 0.1 34.7 11265 28.54 57232 2055E-03 4.045E-07 183.771 117275 0.157 9.34€+05 9.91EM 
34 10.9 34.9 116.54 28.55 57621 2041E-03 4.066E07 184.913 1176.73 0.157 928E+05 9.84E-08 
34 16.0 35.3 11725 28.54 576.92 2039E-03 4.070E-07 186.W 1177.45 0.158 9.32E4 9.83E-58 9.B3Eo8 0.158 
34 21.0 35.4 119.72 28.55 579.39 2 W E M  4.084E-07 .186.746 1179.97 0.159 928E45 9.79E-33 

35 02 34.9 12326 28.55 58253 2018E03 4.1mE-07 1 E i H  1183.57 0.157 9.15EG 9.73E08 
35 5.7 34.9 123.97 28.54 5B3.U 2015E-03 4.10fE-07 186.113 118429 0.157 9.13E+U5 9.72E08 
35 10.8 34.9 124.50 28.54 584.17 2013E43 4.11OE07 186224 1184.82 0.157 9.12E45 9.71E-W 9.72EG 0.157 
35 16.0 35.1 123.61 28.54 58328 2.016E43 4.105E-07 186.m 1183.93 0.158 9.16EK15 9.72E08 

36 0 2  35.0 127.68 28.54 537.35 2.oME-03 4.127E-07 186.998 1188.05 0.157 9.07E45 9.E5-M 
35 5.6 34.9 128.3 28.54 588.06 l .mE-33 4.131E-07 186.843 1188.76 0.157 9.04E45 9.E4Ea 



Computed Test Conditions 

run alpcor qc temp bar0 T-R rho mu V Vsound Mach Rn/ft rho-ast rhoave Mave 

36 11.0 35.0 128.39 28.54 588.06 2.000E-03 4.131E-07 187.097 1188.76 0.157 9.06E4.05 9.64E48 9.64E4Ei 0.158 
36 16.0 X52 128.74 28.54 588.41 1.998E-03 4.133E-07 187.701 1169.12 0.158 9.08E+05 9.ME48 

. 

37 0.4 35.1 114.77 28.54 g4.44 2047E03 4.057HCI 185.195 1174.92 0.158 9.34E+O5 9.87E-08 
37 11.0 34.9 120.79 28.55 580.46 2.026E-03 4.WE-07 185.592 1181.05 0.157 9.29E+O5 9.77EOS 
37 16.1 353 123.08 28.54 58275 2.018E-03 4.102E-07 187,048 llB3.39 0.158 92OE+O5 9.73E.08 9.75E48 0.158 
37 21.1 35.6 125.03 28.54 584.70 2.011E-03 4.112E-07 188.154 1185.36 0.159 92OE+O5 9.70E08 

38 0.4 34.9 128.39 28.53 588.06 1.999E43 4.131E-07 186.856 1188.76 0.157 9.04E4-05 9.64E38 
38 6.0 352 128.57 28.54 58824 1.999E03 4.132E-07 187.672 1188.94 0.158 9.OBE+05 9.64E-M 
38 11.1 352 129.10 26.54 588.77 1.997E-03 4.134E-07 187.757 1189.48 0.158 9.07E45 9.63E-08 9.62E-08 0.158 
38 162 352 130.16 28.53 589.83 1.993E-03 4.140E47 187.952 1190.55 0.158 9.05E45 9.61E-08 

~ . . . 

39 0.4 35.0 131.93 28.52 591.M) 1.987E-03 4.150E-07 187.711 119223 0.157 8.59E+05 9.58E-08 
39 5.9 35.3 13228 28.53 591.95 1.986E-03 4.152E47 188.557 1192.69 0.158 9.02E-105 9S3E-W 
39 11.0 352 13281 28.52 m.48 1.984E-03 4.1-47 188.387 119322 0.158 9.WE45 9.57E.OB 9.UE-08 0.158 
39 16.1 35.3 132.81 28.53 592.48 1.984E-03 4.154E-07 198.642 119322 0.158 9.01E+OS 9.57E.OB 

. .. 

40 0.4 34.5 123.08 28.52 552.75 2016E-03 4.102E-07 1H.993 1183.39 0.156 9.09E+05 9.72E9B 

40 11.1 34.8 12821 28.52 587.88 1.999E-03 4.133E-07 186.585 1188.58 0.157 9.03E+O5 9.64EM 
40 16.1 35.1 129.98 28.52 589.65 1.993E-W 4.139E-07 187.683 1190.37 0.158 9.04E6 9.61E-08 9.62Eo8 0.15B 

40 21.1 354 131.75 2852 591.42 1.987E-03 4.149E-07 188.765 11W.15 0.158 9.ME+M 9.5BEQ8 

41 0.4 34.8 134.40 28.52 594.07 1.978E-03 4.163E-07 187565 1194.82 0.157 8.91€+0s 9.54E4B 
41 6.0 34.8 134.93 2852 594.80 1.977E-03 4.166E-07 187.649 1195.36 0.157 8.90E+05 9.53E-08 
41 11.1 34.9 134.93 28.52 594.60 1.977E-03 4.166-7 187.918 1195.36 0.157 8.92E+O5 9.53E-06 9.53E-OS 0.157 

41 162 35.1 135.11 28.52 594.78 1.976E-03 4.167E-07 188.484 1195.54 0.158 8.94E& 9.53E-08 

.. . 

42 0.4 35.3 136.88 28.53 596.55 1.971E-03 4.176E07 189275 1197.31 0.158 8.93E+05 9.5oE4B 
@ 5.9 35.1 137.05 28.54 596.72 1.971E43 4.177E-07 188.740 1197.49 0.158 8.90Ed 9.WE-06 
42 11.0 35.3 137.41 28.53 597.08 1.969E03 4.179E07 189.359 1197.84 0.158 8.92E+05 9.50E98 9.50EOB 0.158 
42 162 35.3 137.41 28.53 597.08 1.969E03 4.179E-07 189.359 1197.84 0.158 8.92E4 9.5oE-MI 

43 0.3 35.0 91.43 2&62 551.10 2.140E-03 3.928E-07 180.873 1150.80 0.1n 9.85E45 1.WE47 
43 11.1 35.0 99.39 28.61 559.06 2.109E03 3.9rn-07 182.187 1159.08 0.157 9.67E-105 I.mE47 
43 16.1 35.8 1022 28.62 561.89 2099E-03 3.988E-07 184.697 l l M O 1  0.159 9 .72E4  1.01E-07 1.01E-07 0.159 
43 21.1 35.5 104.69 28.61 564.36 2.089E-03 4.odlE.07 184.352 1164.56 0.158 $.WE45 l.OlE-07 

. . . . . . . . . . . . - . 
44 0.4 34.9 104.11 28.62 568.78 2073f-03 4.026E-07 183.477 1169.12 0.157 9.45Ei-05 l.WE-07 
44 5.8 34.9 lG9.W 28.82 569.31 2.072E-03 4.029E07 183.562 1169.66 0.157 9.44E& 9.99E-08 
44 11.0 35.0 110.17 28.63 569.84 2.070E-03 4.032E-07 183.885 117021 0.157 9.44Ed 9.98E49 9.9BE-08 0.157 
44 16.1 35.3 11124 28.63 570.91 2.066E43 4.037E-07 184.844 1171.30 0.158 9.46E45 9.9sE-08 

... __ ._ .. . .... .. . . -. . . .. - .. . . . . . . .. . . . .. 

45 0.4 35.0 11424 28.63 573.91 2.056E03 4.054E-07 184.528 1174.38 0.157 9.36E45 9.9lE-08 
45 5.8 34.9 11424 28.64 573.91 2.056E03 4.054E.07 1&4251 1174.38 0.157 9.35Ed15 9.92E-08 
45 10.9 35.1 114.95 28.64 g4.62 2.054M3 4.058E67 184.EQ 1175:lO 0.157 9.36E+05 9.WE48 9.90E-08 0.1% 
45 16.1 352 115.30 28.66 574.97 2.052E43 4.060E47 185213 1175.46 0.158 9.36Ed5 9.90E-08 
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AJ?PENDIX B 

Fortran Programs 

The following Fortran Programs are included: 

Redumfor 

Filter. for 

Acftf.for 

Auto cor. for 

Mpsd-for 

Program written by hT4R to convert the voltage data to psi. 

Program which applies a lowpass filter designed using a program from 
Parks, T. W., and Bums, C. S., Digital Filter Design, John Wiley & Sons, 
Inc., New York, 1987 to the data. 

Program written to compute the frequency transfer functions of the data 
acquisition system using autocorrelations. 

Program which computes the power spectral densities of the buffet 
pressure using autocorrelations and takes account for the frequency 
transfer functions of the data acquisition system. 

Program which computes the structural response. 
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C 
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,-7 L 

Reduce.for (1 of 3) 

MaRK SMAGLIK 

WICHITA STATE UNIVERSITY 
DATA REDUCTION ROUTINE 

REBUCE.FOR 
10/10/94 

THE WALTER H. BEECH MEMORIAL 7x10 FOOT WIND TUNNEL 

LAST REVISED: 10/19/94 

THIS PROGRAM READS IN A SET OF DYNAMIC DATA, STORES THIS DATA IN 
ARRAYS AND REDUCES THEM, USING KULITE SENSITIVITIES (VOLTS TO PSI). 

VARIABLES : 

c m o  : 
CHANl : 
cHAN2 : 
cHm5 : 
C W 6  : 
C W 8  : 
cHAN3 : 
c m 1 0  : 
CHANll: 
CONVERSION ( I) : 
WOZBAL (I) : 

VARIABLE CONTAINING CHANNEL 0 
VARIABLE CONTAINING CI%"EL 1 
VARIABLE CONTAINING CHANNEL 2 
VARIABLE CONTAINING CFLANNEL 5 
VARIABLE CONTAINING C W E L  6 
VARIaBLE CONTAINING CHANNEL 8 
VARIABLE CONTAINING CHANNEL 9 
VARIABLE CONTAINING CHANNEL 10 
VARIABLE CONTAINING CHANNEL I1 

ARRAY CONTAINING THE KULITE SENSITIVITIES 
ARRAY CONTAINING THE WIND-OFF-ZERO DATA 

FILES USED IN THIS PROGRAM: 

WOZFILE 

THIS FILE CONTAINS THE WIND OFF VALUES FOR THE DYNAMIC CHANNELS 
AND IS WRITTEN IN THE FOLLOWING FORMAT. 

RUN, CWNO, CHAN1, CHAN2, CHANS, C W 6 ,  . . . C m 1 1  

INFILE 

THIS FILE CONTAINS THE DYNAMIC DATA (IN VOLTS) FOR 
EACH DATA POINT AND IS WRITTEN IN THE FOLLOWING FORMAT: 

C W O ( l ) ,  C W 1 ( 1 ) ,  CKAN2(1), CHANS(l), CHAN6(1), _ _ _  CHANll(1) 
CHANO ( 2 ) ,  CKAN1(2), C M 2  ( 2 )  , C W 5  ( 2 )  , C W 6  ( 2 ) ,  . - - CHANll(2) 

ETC ETC ETC 

CHANO(8192) ,.........-----..... ETC .....-.--**..... C ~ l ~ ( 8 1 9 2 )  

OUTFILE 

THIS FILE CONTAINS THE PROGRAM OUTPUT (REDUCED DATA) IN CSV 

FOLLOWING: 
(COMMA-SEPARATED-VARIABLE) FORMAT .AND IS WRITTEN AS THE 
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Reduce-for ( 2  Of 3) 

ETC ETC ETC 

C NOTE: CHAN0,THROUGB CIHAK11 ZqV3 TXE UNITS OF (PSI) 
C 

C * 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i 

C 
C 
C 
C 

C 
C 
C 

C 

C 

C 

* It43 -333G;P.V * 
* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 

IMPLICIT REAZl*8 (A-H, 0 - Z )  
REAL*8 CONVERSION(9) , WOZBAL(9), RUNNUM, " 4 B E R  
INTEGER I 
CW4RACTER*Z2 INPILE,OUTFILE,WOZFILE 
LOGICAL ERROR 

INITIALIZE KULITE SENSITIVITIES 

DATA (CONVERSION(1) ,I=1,9) / 9 . 2 4 1 ~ - 3 , 9 . 3 8 9 9 - 3 , 9 - ~ ~ 8 ~ - 3 , 9 . 1 2 3 E - 3 ,  
$ 9.4713-3, 8 . 7 8 E - 3 , 9 . 1 2 8 E - 3 , 8 . 9 6 2 E - 2 , 9 . l E 6 3 - 3 /  

INITIALIZE WIND-OFF-ZERO ARFAY COMES FROM A SECARATE D+4TA FILE 

LASTRUN= 9 9 9 
WOZFILE="DATAWOZ - CSV" 
OPEN (UNIT=5,FILE=ie:\datawoz.csv',STATUS='OLD1) 

PRINT*, 
READ(*,*) NUMBER 

OPEN (UNIT=5,FILE=WOZFILE,STATUS='OLD') 
'ENTER THE EEm NUMB22 TO 59 ZROCSSSED OR 999 TO QUIT:  ' 

I F  (NUMBER.EQ.999) G O T 3  99 

C 
C 

2 ERROR = .FALSE. 
N = 8192 

THE FOLLOWING LINZS OF CODE ?:90Y?T THE ESER FOR TYE IXFL?? ?ILZ NAME, 
APPEND THE MS-DOS STLE SXT2KSIO?; ' . R E D '  TO SAIC FILE XAVE & 
USE THE NEW F I L E  NAME AS T X 3  33T2UT FILE 

C 
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Reduce-for ( 3  o f  3 )  

C 
DO 7 I=1, LEN (INFILE) 
IF(INFILE(1:I) .EQ.'.') GOTO 8 

7 CONTINUE 
C 

8 OUTFILE = INFILE(:I-1) / /  .RED' 
WRITE ( *  , 11) INFILE, OUTFILE 

11 FORMAT(//,' READING FROM: ',Al2,3X,'WRITING TO: ',A12) 
C 

OPEN (UNIT=l,FILE=INF~ZE,STATUS='OZD') 
OPEN (UNIT=S,FILE=OUTFILE,STATCJS='NEW') 

C 
C READ DATA FROM DATA FILE 
C 

C 

C 
C SUBTRACT WIND-OFF-ZEROS AND CONVERT THE VOLTAGES TO PSI 
C 

DO 10 I=Z,N 

READ (1, * )  C W O  , CKANl, C W 2 ,  CHANS, CHAN6, CHAN8, C W 9 ,  CHANlO, C W 1 1  

CHANO = ( CHANO - WOZBAL(~)  C CONVERSION(^) 
c m i  = ( c m i  - WOZBAL(~) )/COWERSION(~) 

c m s  = ( CEFANS - WOZBAL(~)  CONVERSION(^) 
C W 2  = ( C W 2  - WOZBAL(3) )/COT;TVERSION(3) 

CHIN6 = ( CWX6 - WOZBAL (5) ) /CONVERSION (5) 
CKAN8 = ( C W 8  - WOZBAL ( 6 )  ) /CONVERSION ( 6 )  
CHAN9 = ( CITAN9 - WOZBAL(7) )/CONVERSION(7) 
CHANlLO= ( C W l O  - WOZBAL(8) )/COWERSION(8) 
CHXN11= ( CHANll - WOZBAL(9) )/CONVERSION(S) 

C 
C 
FORMAT 
C 

PRINT THE DATA TO ITS RESPECTIVE FILE IN CSV (COMMA-SEPmTED-VmImLE) 

WRITE (9,100) CHANO, CHAN1, CHAN2 , CHAN5, C W 6 ,  C W B ,  C M 9 ,  
$ CHANlO, cHAN11. 

100 FORMAT(FlO.4,8 ( I ,  ' ,F10.4)) 
C 

C 
C CLOSE INPUT AND OUTPUT FILES 
C 

10 CONTINUE 

CLOSE (UNIT=9) 
CLOSE (UNIT=l) 

GOTO 5 
C 

C 
99 IF ( .ERROR ) THEN 

PRINT", 'REDUCE.FOR: ERROR READING DATA, SAMPLE ',I 

PRINT*, 'REDUCE.FOR: SUCCESSFUL TERMINATION BY USER' 
ELSE 

ENDIF 
C 

999  STOP 
END 

*X* * *X* * * * * * *X* * * * * * * *  END OF REDUCE.POR f * * * * * * * * * * * * k k * * * * X * * * *  
C 
C 
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C 
C 
C 
program filter2 

implicit rea1*8 ( a -h ,o -z )  
character*l2 infile,outfile 

C direct convolution FIR filter 
C 

dimension h(380) ,t(8192,9) ,temp(8192) 
m=380 

C 
C coef-out - -  101,0.4,0.5,i 
C coef2.out - - -  101,0-35t0.4,L 

C coef4. out  - - - 301,0.35,0.4,1 
C coef5.out - - -  380,0.35,0.4,1 
C h1.out -------301 1 4  
C 0.0 0.01 0.02 0.15 0.16 0.17 o . i a  c . 5  
C values 0. 1. 0. 1. 
C weights 10 1 10 1 
C low-out 380 .15 -16 1 
C hm.out 380 1 3 
C 0.0 -16 .17 . 3 5  - 3 6  - 5  
C 0. 1. 0. 
C 3 .  1. 3 .  

C cO2f3.0ut - - -  301,C.35,0.4,1 

C 
open (12, f i l e = '  e: \low.out ' , s t a t w = ' c l d '  1 
read (12, * )  (h ( k )  , k=l, m/2) 
close ( 12) 
do 1 i=l,m/2 

h(m-i+l)=h(i) 
3. continue 

C open data file infile 
C output file outfile 
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do 2 5  j=1,8192 
temp (j) =t (j, ii) 

25 continue 
call fltrm(temp,8192,h,m) 
do 27 j=1,8192 

t (j,ii)=temp(j) 
27 continue 
30 continue 

C 

C done w i t l h  low-pass filter 
C 

do 40 j=1,8192 
write(9,100) ( t ( j , i i )  ,ii=1,9) 

40 continue 
31 continue 

close (9 ) 
got0 2 

99 continue 
100 format ( l x ,  9 (f 14.8, lx) ) 

s top  
end 

subroutine fltrm ( s i g ,  np, a, n) 
implicit real*8 (a-h,o-z) 
dimension sig(1) , a ( i )  

nnp=np-n+l 
do 10 i=l,nnp 
ki=i-1 
y=o. 0 
do 20 j = l , n  

C write(*,*) 'np= ',np,'n= 1,n  

y=y+a(j)*sig(kitj) 
20 continue 

sig (i) =y 
10 continue 

nnp=nnp+l 
do 30 i=nnp,np 
sig(i)=O. 

30 continue 
return 
end 

B-6 



.. 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 

C 

C 
C 

Acftf.for (1 of 3) 

November 18, 1994 12:05AM 

acftf2.for 
this code computes the average autccorrelztion functLon 
over nd segments 
then gets the power spectral density by FFT 
then computes the FTF from that 

analysis code f o r  time series data  
np is the number of runs 
nd i s  number of segments 
n is number of points per r u ~ !  

program acftf 

parameter (n=512,np=6,nd=8,irmax=511) 
t matrix is temp which store time histories 
dimension r (np,nd, irmaxl-1) ,x(np,nd,x) , 

aver (np, irmax+l) ,rap (nd*2) 
real*8 ro (2*  (irrnax+l) ) ,ri (2* (irmax;?) ) , 

roc (2*  (irmax+l) ) ,ric (2" (irmax-ti) ) 
complex*16 €ftl(2* (irmax+l) ) ,fft2 (2* (irmax+l) ) 
character*12 flnm,flnmi,flnmhl 

implicit real*8 (a-h, 0 - z )  

+ xi (nd,n) , 
+ 

i 

2 continue 
write(*,*) 
read ( * ,5 0 0 ) f lnm 

500 format (as2)  
if(flnm.eq.'q'.or.flnm~e~~'Q1)~~~o 99 
write(*,*)' The name of file ccnraining white noise' 
read ( * , 5  0 0 1 f lnmi 
do 7 i=l, len(flnT.) 

The name of data file containing output, or q to q L t i  

if(flnrn(i:i) .eq.'.')goto 8 
7 contixme 
8 continue 
f lnmhl= f Inn ( : i - 1 ) / / - kc 3 1 

write(*,501) flnm,flnni 
write(*,502) 
write(*,503)flnrnhl 

501 format(//, 3x,' reading: ',3x,z12,3x,a12) 

503 format (18x,a12) 
502 format (3x, writlnq L O :  ' E.12) 

C 
open (9,flls=flrm , s t~ :xs= ' c ld ' )  
open (10, f ils=flrn%, status=' cid' J 
open ( 2 2 ,  f iiz=Ekmhl/ s:itus='-*-- &--<=2ii7l ' ! 

C 
C read in ail tine kiszsries 
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Acftf.for (2 of 3) 

read ( 9, * ) ( rap ( ii ) , ii=l, np ) 
10 continue 

close ( 9 )  
do 11 j = l , n  

read(lO,*) (xi(ii, j) ,ii=l,nd) 
read ( 10, * ) (rap ( ii ) , i i=l , nd) 

11 continue 
close (10) 

C 
C initialize arrays 
C 

do 50 ir=O,irmax 
si (ir+l) =O - 0 

do 50 j=l,np 
aver (j , ir+l) =O - 0 

do 50 i2=l,nd 
r ( j ,  i2, ir-tl) = O .  0 

50 continue 
do 100 i2=l,nd 

do 80 j=l,np 
do 70 ir=O,irmax 

do 60 k=l,n-ir 
r ( j  I i2, ir+l) =r (j, i2, ircl) + x ( j ,  i2,k) * x (  j, i2,k+ir) 

60 continue 
r (j , i2 I ir+l) =1: (j , i2, ir+l) /real (n) 
aver (j , ir+l) =aver (j , ir+l) +r ( j  , i2 , ir+l) 

70 continue 
80 cont inue 
100 continue 

reand=l- O/real (nd) 
do 110 j=l,np 
do 110 ir=O,irmax 
aver ( j  , ir+l) =aver (j , ir+l) *reand 

reanp=l. O/real (np) 
do 125 ir=O,irmax 

do 120 j=l,np 

ro (ir+l) =ro (ir+l) *reanp 

110 continue 

ro (ir+1) =ro (ir+l) +aver (j , ir+l) 
12 0 continue 

125 continue 

do 130 j=l,nd 
do 130 ir=O,irmax 

do 130 k=l,n-ir 
ri (ir-t.1) =ri (ir+l) +xi ( j ,  k )  *xi (j ,k+ir) 

130 continue 
do 140 ir=O,irmax 

ri (ir+L) =ri (ir+l) / (real (n*nd) ) 
140 continue 

C 
do 150 ir=O,irmax 

ric (ir+irrnax+2) =ri (ir+l) 
ric (ir+2) =ri (irmax-ir+l) 
roc (ir+irrnax+2) =ro (ir+l) 
roc (ir+2) =ro (irmax-ir+l) 

ric (1) = O  - 0 
roc (1) = o  - 0  

150 continue 
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I 

Acftf-fox ( 3  of 3 )  

write(*,*) 'done w i t h  autocorrellation' 
call t w o f f t  (ric,roc,fftl,fft2,2* (irrnax+l) ) 
write(*,*) 'done ffts - cornputin2 h and writiq' 
do 3 0 0  ir=0,2* (irmax+l) 

5 0 4  fosmat(lx,2O(E13.6,1~)) 
close ( 2 2 )  
go to 2 

99 continue 
stop 
end 
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Autocor.for (1 of 5) 

C 
C November 22, 1994 4:OOPM 

C autocor9 ..for 
C 
C over nd segments 
C 
C 
C 
C np is the number of runs 
C nd is number of segments 
C n i s  number of points per run 

this code computes the average autocorrelation function 

then gets the power spectral density by FFT 

analysis code for time series data 

program bstats 

parameter (n=512,np=9,nd=8,irmax=511) 
t matrix is temp which store time histories 

rmean i s  the mean of each transducer for each run 
var is the variance of each trans. for each run 

dimension r (np,np,nd, irmax+l) ,x(np,nd,n) temp1 (2* (irmax+L) ) , 

C implicit real*8 (a-h, 0 - 2 )  

C 
C ft is fft of t: matrix (complex) 
C 
C 
C 

+ 
+ 
+ 

+ flnmgl,flnmg2,flnmg3, 
t flnmg4,flnmg5,flnmg6, 
4- fLnmgi',flnmg8,flnmm, 
i- flnms~,flnms2,flnms3, 
+ flnms4,flnrns5,f~nms6, 
+ fInmsi',flnms8,flnms9 

temp2 (2"  (irmax+l) ) ,gam2 (np,np,Z* (irmax+l)) , 
aver ( np , np I irmax+ 1 ) , h ( np , 2  * ( irmax+ I ) ) , rap ( np ) , 
rmean(np,nd) ,rms (np,nd) ,var (np,nd) 

complex fftl(2* (irmax+Z) ) ,fft2 ( 2 *  (irrnax+l) ) ,ft (np,np,Z* (irmax+l) ) 
character*12 flnm, 

C 
C 

2 continue 
write(*,*) 'The name of data file for processing, or q to quit' 

5 o o formdt '( a12 
i f ( f l n m . e q . ' q 1 . 0 r - f l n m - e 9 . " ) 9 0 t o  99 
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50 

Autocor.for ( 2  of 5) 

flnrng7=flnm( :i-l)//! -991 
flnmg8=flnm(:i-l)//i~giOi 
f lnmm= f lnm ( : 1 - 1 ) / / mrv 
write (*,501) flnm 
write(*,502)flnrngl 
write ( * ,  503) flnmg2 
write(*,503)flnmg3 
write ( * ,  503) flnma4 
write (*,  503) flnmg5 
write ( * ,  503) flnmg6 
write (*,503) flnmg7 
write ( * ,  503) flnmg8 
format ( / / ,  3x, real 

open 
open 
open 
open 
open 
open 
open 
open 

C read 
C 

C 

32, file=f lnmgi, status= l unknown; 
33,f i le=flnmgZ,status= 'unknawn'  
34 , f i le=f lnmg3,s ta tus= 'unknown1 
35 , f i le=f lnmg4,s ta tus= 'unknown'  
36,file=flnmg5,status=tun~ncw~i 
37,file=flnmg6,status='unkn=wn' 
38,file=flnmg7,status='~~Kn~w~i 
3 9 , f i l e = f l n mg8,s t a t u ~ = ' ~ ~ ~ ~ ~ ~ w ~ ~  

in all time histories 
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Autocor.for (3 of 5 )  

rms ( i i , j 2 ) =O - 0  
var(ii, j2)=0.0 

22 continue 
C 

C 
C 

compute the mean and root mean square of raw data 

do 26 j2=l,nd 
do 26 ii=l,np 
do 25 j = l , n  

rmean(ii, j2)=rmean(ii, j2)+x(ii, j 2 ,  j )  
rms(ii, j2)=rms(iifj2)+x(ii, j 2 ,  j)*x(ii, j2,j) 

25 

26 
C 
C 
C 

30 

31 

32  
C 
C 
C 

50 
C 
C 
C 

60 

70 
8 0  
90 
100 

zontinue 
rmean(ii, j2) =rmean(ii, j2) /real (n) 
rms (ii, j2) =sqrt (rms (ii, j2) ) /real (n) 

continue 

compute variance 

do 31 j2=l,nd 
do 31 ii=l,np 
do 30 j = l , n  

continue 

continue 
write(31,*) 'mean rms var column segment ' 
do 32 ii=l,np 

var (ii, j2) =x (ii, j2, j ) * * 2  

var (ii, j2) =var (ii, j 2 )  /real (n-1) 

do 32 j2=l,nd 
write(31,*)rmean(ii,j2) ,rms(ii, j2) ,var(ii, j2) ,ii, j2 

continue 

initialize autocorrelation variables 

do 50 i2=l,nd 
do 50 i=l,np 
do 50 ir=O,irmax 

r (i, i, i2, ir+I) =O -0 
aver ( i , i , i r+ l )  = 0 . 0 

continue 

compute autocorrelations 

do 100 i2=l,nd 
do 90 i=l,np 

do 80 j=l,np 
do 70 ir=O,irrnax 

continue 
r (i, j, i2, ir+l) =r (i, j, i2, ir+l) /(real (n) ) 
aver (i, j , irt.1) =aver (i, j , ir+l) +r (i, j , i2, ir+l) 

continue 
continue 

continue 
continue 
reand=l. O/real (nd) 
do 110 i=l,np 
do 110 j=l,np 
do 110 ir=O,frmax 
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Autocor-for (4 of 5) 

aver(i, j ,ir+l) =aver (i, j, ir+l) *reand 
110 continue 

C do 120 i=l,np 
C do 120 j=l,np 
C do 120 ir=O,irmax 
C aver(i, j,ir+l)=aver(i, j,ir+a)/aver(i,j ,:) 
c 120 continue 

C 
C 
C 

C 
C 
C 

180 

C 

C 
C 

write(*,*)'done with autocorrellaziocl 

shove it through a FFT 

do 2 0 0  i=l,np,2 
do 200 j=i,np 

do 180 ir=O,irmax 

flipping R using symmetries *Lo get: + and - tau 

temp1 (ir-irmax+Z) =aver (i, j, ir+i) 
ternpl ( i r + 2 )  =aver (j , i, irmax-ir-i) 
temp2(ir+l)=O.c 
temp2 (ir+irmax+i) =O. 0 

templ (ir+irmax+2) =aver !i,j, k + i )  
templ ( ir+2) =awr ( j , i , irmax- is+l) 
temp2 (irtirmax+2) =aves(i+l, j, ir+i) 
temp2 (ir+2 ) =aver ( j , ;+I, irmax- ir+l) 

if (i - eq. 9) then 

else 

endif 
continue 

temp1 (1) =O - 0 
t e m p i :  (1) = O .  0 
call twofft(templ,~em~2,f~tl,f~t2,2x (irrnax+i)) 
do 190 ir=i,2* (irmax+l) 

if (i.eq.9) ther 
ft (i , 1, ir) =fft1 (ir) / (h (i, ir) *:? (j , IT) ) 

ft (i, j,ir)=ffti(ir) 
else 

ft Ci,j ,is) = 
ft (i+l, j,ir)=ff:2 ( i r ) / ( ~ ( ~ ~ ~ , ~ r ) * ~ ( ~ , ~ r ) )  
ft (i, i, ir) = 

Eft1 [ir) / (b(i,ir) * h ( j ,  ir) ) 

ff:? (ir: 
ft (i+l, j, Fr) =r^ft2 (ir) 

endif 
190 continue 
200 continue 

write(*,*)'done f f t s  - writlng files' 
do 300 ir=O,irnax+l,2 

do 300 i=i,xp 
writ2 (22+i-1,504) real ( i r j  / ( 4  .*8.2Ee-O4*rezl (irmx+l) ) , 

+ ( 2t ( i , j , ir+; , f =i / 53) 
300 c en"; inu 2 

C 
C c o ~ . p u t e  csher5nce 
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do 410 ir=O,irmax+l,2 
do 410 ii=l,np-I 

write(32+ii-1,504)real(ir)/(4.k8.26e-O4*real(~~max+~)), 
4- (garnz(ii,i3,ir+l) ,i3=ii+l,np) 

410 continue 
5 0 4  format (lx, 2 0  (E13.6, I X )  ) 

close ( 2 2 )  
close ( 2 3 )  
close ( 2 4 )  
close (25) 
close ( 2 6 )  
close ( 2 7 )  
close ( 2 8 )  
close ( 2 9 )  
close ( 3 0 )  
close (31) 
close ( 3 2 )  
close ( 3 3 )  
close ( 3 4 )  
close ( 3 5 )  
close ( 3 6 )  
close ( 3 7 )  
close ( 3 8 )  
close ( 3 9 )  
go to 2 

9 9  continue 
stop 
end 
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Mpsd-for (1 of 8 )  

c 
C 
C program to compute modal psd's 
C mpsd-for 12/23/94 ll:GOA 
c 

program mpsd 
implicit rea1*8 (a -h ,o-z)  
parameter(nm=3,nd=14,nmax=300) 
rea1*8 n,ntrans 
dimension out (nmax,nmax) , b ( 1 , 4 )  , n ( n a , 5 )  ,ntrans(5,nd) ,x(nd) ,y(nd) , 

-I- 

+ rnm(1,nm) ,rny(l,nm) ,rr?+_ (l,nm), 
f 

+ hl(4,4) ,h2 ( 4 , a )  

3. temp3 (nmax, nmax) , 
.t 

+ 
character direc*8,runno*2,pt*2,fhrn*2l,side*l, 

4- flnmlk25,€lnm2*25,flnm3*25,f~nm4*25, 
+ flnm5*25,flnm6*25,flnmh*20 
data direc /'e:\dynC'/ 
data x /14.57143d0,20.14286d0,25.71429d0,3~~2857~dO, 

phi (nd,nrn) ,p:iitran(nrn,nd) ,t1(20) ,remp(nrnax,nmax), 

rnmtran (nm, 1) , rnytran (nn, 1) , rrrttran (nin, 1) , 

complex*16 sfm(6,6) ,sf (xnax,;lmax: ,temp2 (nmax,nmax), 

sn(nmax,nrnax) ,hc(nmax,nrnax) ,ht (nmax,nmax) , 
sm(nmax,nmax) ,sy(mnax,cmax) ,st (nmax,nmax) ,smO,syO,stG 

+ 36.85714dC,42.42857d0,48-d0,39.57143dG, 

i- 57.42857dC,61.0dO/ 

4- 78.57143d0,94.28571d~,llO.dG,15.7~~2~~0,3~~~2~57dG, 
"I. 47.14286d0,62.85714dG,78.~7~43~0,34~28~7~~0,~~C~dO/ 

+ 43.14286do,46.71429dc,5o.2a57~do,5~*a5714do, 

data y /15.71429dO,31.42857dG,47.14286d0,62.a5714dO, 

data rnm /-28787.4dO,93382.2d0,25237.2dO/ 
data sny / 0 .976894dO,0 .875172d0 ,0 -2E9773dO/  

data.rnt /-0.003555d0,-@.015204dG~O~~~065Od9/ !tip twist 

! r c o t  bendixg moment 
!mean L i p  def - i tc t ion  

C 

C from b200freqi.out 
C 

data phi / 1.81608d-2,8.11011d-2,~~9~912d-l, 
4- 3-44854d-1,5.30554d-l,7-3751~~-1, 

+ 2,37736d-1,3-97954d-1,5-85583d-l, 
+ 7 ,€ !9695d- i , 1 .0d0 ,  

+ 9.53788d-1,3.2359C6-2,1-13669d-l, !mode 1 
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+. -10.65217,0.3043478,0.1383399,-0.003953, 
+ 11.142857,-0.285714,-0.168831,0.004329, 
t -17.14286,0.2857143,0.2597403,-0.004329/ 

read in run # and form directory name 

write(*,*)' input run # ' 
read ( *  , 500) runno 
write ( * , * )  ' input run # again ( j u s t  for fun)  I 
read ( *  , * )  nrunno 
direc ( 7 : 7 ) =runno ( 1 : 1 ) 
if (runno (2 :2) .ne. I 

read in point and form input file name 

write(*,*) ' input point (alpha) # '  

' ) direc (8 : 8) =runno (2 : 2 )  

read(*,500)pt 
write(*,*) use left or right side data? (L or R )  ' . .  

read (*,  501) side 
do 3 i=l, len-trim (direc) 

f lnm ( i : i ) =direc ( i : i ) 
3 continue 
f l n m f  lnm ( : i - 1 ) / / I \ dyn 
flnm(1en tsim(f1nm) +l:len_trirn(flnm) +I) =runno (1:1) 

5 0 0 format (a2 ) 
501 format (al) 
502 format (lx, 20 (E13.6, lx) ) 
503 format (a20) 

C 
C 
C 

need to add suffix and open files with psd's 
to get all six using mirror points where bad transducers are 

flnml=flnm(:len_trim(€lnm))//t-sO' 
flnm2=flnm(:len_trirn(flnm)) / / I  .sl' 
flnrn3=fhm( :len-trirn(flnm) ) / / I  . s 2 '  
flnm4=flnm(:len-trim(flnm) ) / / l - s l l l  
flnm~=flnm(:len-trim(flnm))//'.s~O' 
f,lnm6=flnrn( :len-trim(flnrn) ) / / I  . s 5 '  

flnml=flnm( :len-trim(flnrn) ) / / I  . s 6 '  
fInrn2=flnm( :len-trim(flnm) ) / / I  .sl' 
flnm3=flnm( :len-trim(f1nm) ) / / I  . s 8 '  
flnm4=flnm(:le~-trim(flnm))//'.sl11 
flnm5=flnm(:len-trim(flnm))//' . s l o t  
if(nrunno.lt.66)flnm6=fLnm(:len-t~~m(flnm) ) / / I  . s 9 '  
if(nrunno.ge.66)flnrn6=flnm(:len_trim(flnm))//' . s 5 '  

C 
if(side.eq,'L1.or.side.eq.") then 

endif 
if(side.eq.'R1.0r.side.e9.'r') then 

endif 
open(30,file=flnml,status='old' ) 
open(31,file=flnm2,status='oldt) 
open(32,file=flnm3,status='oldt) 
open(33,file=flnm4,status='old' ) 

B-16 



. .  .... . 

44  

100 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

13 0 

Mpsd-for ( 3  of 8 )  

open(34,file=flnm5,~tatus=~old~) 
open(35,file=flnrn6,stat~~=~o~~~) 
write(*,*) 'enter the name of heta filz (fuil pa th )  
re ad ( * ,5 0 3 ) f lnmh 
open(40,file=flnrnh,status=io~di) 

get rn transposes 

do 44  i=l,nm 
rnmtran(i,l)=rnrn(l,i) 
rnytran ( i , 1 ) =my ( 1, i ) 
rnttran ( i , 1 ) = m t  ( 1, i ) 

continue 

compute N 
need to loop through all x,y pai rs  

do 100 i=l,nd 
b (1,1) =1. OdO 
b(1,2)=x(i) 
b(l,3)=y(i) 
b(l,4)=x(i)*y(i) 
if (y ( i) . It - 6 6 - ) then 

call. matmul (b, 1,4, hl, 4, out) 
n ( i , l )  =out (1,l) 
n ( i , 2 )  =out ( 1 , 4 )  
n(i,3)=0.0 . 
n (i, 4 )  = O  . 0 
n(i,5)=out (i,3) 
n(i,6)=out (1,2) 

call. matmul (b, 1,4,h2,4,o~t: 
n (i, 1) = c  . c 
n ( i ,2  ) =out ( 1,1) 
n ( i , 3 )  =out (1,4) 
n ( i , 4 )  =out (1,3) 
n (i, 5 )  =out (1,2) 
n(i,G)=C.O 

e lse  

endif 
continue 
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150 continue 
C call matmul(phitran,nm,nd,n,6,temp) 

C freqency Loop to get sfm 
C 

C 
do 999 i=1,154 ! # of frequencies 

C 
C read in measured power spectral density and scale to full scale 
C 

if(side.eq.'l' .or.side.eq.'l')then 
read(30,502)freq, (tl(j), j=1,18) 
sfm(l,l)=cmplx(tl(l) )*12.d0 
sfm(l,2)=cmplx(tl(3) ,t1(4) )*12.d0 
sfm(l,3)=cmplx(tl(5) ,t1(6) )*12.d0 
sfm(l,4)=cmplx(tl(l7) ,t1(18) )*12.d0 
s fm ( 1 , 5 ) =cmplx ( t 1 ( 15 ) , t 1 ( 16 ) ) * 12 . do 
sfm(l,6)=cmplx(tl(7) ,t1(8))*12.d0 
sfm (2 , 1) =conj g (sfm (1,2) ) 
sfrn ( 3  , 1 ) =con j g (sfm ( 1,3 ) ) 
sfm(4,1)=conjg(s€m(l,4)) 
sfm (5 , 1) =con j g ( sfm ( 1,s ) ) 
sfm (6 , 1) =conj g (sfm (1,6 ) ) 
read  ( 3 1 , 5 0 2 )  f r e q ,  (tl (j ) , j=1,16) 
sfm(2,2)=cmplx(tl(l) )*s2 .d0  
sfrn (2,3) =cmplx (tl(3) , tl(4) ) *t12 -do 
sfm(2,4) =cmplx(tl(l5) ,tl(16) ) *12.d0 
sfm(2,5) =cmplx(tL (13) , tl(14) ) *12 .dO 
s fm (2,6 ) =cmplx ( t 1 ( 5 ) , t 1 ( 6 ) ) * 12 - dO 
sfm ( 3 , 2 )  =conjg (sfm (2,3 1 ) 
sfm (4,2) =conj g (sfm (2,4) 1 
sfm ( 5 , 2 )  =conjg (sfm (2 , 5) ) 
sfm (6,2) =conjg (sfm(2,6) ) 

502)freq, (tl(j) ,j=l,l4) read (32 
sfm(3,3 
sfrn ( 3 , 4  
sfm(3,5 
sfm(3,6 
sfm(4,3 
sfm(5,3 
sfm(6,3 
read (33 
s fm ( 4,4 
read (34 
sfm(5,5 

=cmplx(<l(l) ) G12;dO 
=cmplx(tl(13) , tl(14) ) *12 .do 
=cmplx(tl(ll) ,t1(12))*12.d0 
=cmplx(tl(3) ,t1(4) )*12.dO 
=conjg(sfm(3,4) ) 
=conj g (sfm (3 , 5 )  ) 
=conjg (sfm (3 , 6) ) 
502)freq, (tl(j) ,j=1,2) 
=cmplx(tl(l) )*12.d0 
502)freq, (tl(j) ,j=1,4) 
=cmplx (tl(1) , tl(2) ) "12 .dO 

sfm ( 5 , 4 )  =cmplx ( t l ( 3 )  , tl(4) ) 
sfrn (4,s) =conj g (sfm ( 5,4 ) ) 
read (35,502) freq, (tl (j ) , j =1 
sfm(6,6) =cmplx(tl(I) ) * 1 2 . d 0  
sfrn ( 6,4 ) =cmplx (t 1 ( 11 ) , t 1 ( 12 
sfm(6,5) =cmplx(tl(9) ,tl(10) 
s f r n ( 4 , 6 )  =conjg(sfm(6,4) ) 
sfm(5,6) =conjg(sfm(6,5)) 

endif 

12 .dO 

12) 

) *12 .dO 
*12 .dO 

if(side.eq.'R'.or.side.eq.'r')then 
read (3 0,502 ) freq, (tl( j ) , j =1,10) 
sfm(l, 1) =crnplx(tl(l) ) "12 .dO 
sfm(l,3)=cmplx(tl(3) ,t1(4))*12.d0 
sf rn ( 1,4 ) =cmplx ( t 1 ( 9 ) , t 1 ( 10 ) ) * 12 . dO 
sfm(l,5)=cmplx(tl(7) , t l ( 8 )  )*12.d0 
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C ~ Q W  have sf for a given frequency corresponding to i {f=(i-1)*1.18228} 

C read in H at t he  same frequency 
C 

C 
do 200 j=l,nm 

read(40,*) (tl(j2) ,j2=1,2*nm) 
do 200 j2=1,2*nm,2 
ht( (j2+1)/2,j)=cmplx(tl(j2) ,t1(]2+1)) 

200 continue 
do 210 j=l,nm 
do 210 j2=l,nm 

hc(j, ja)=conjg(ht(jz,j)) 

write (111, * )  freq,real (hc (1,l) ) , imag(hc (1,l) ) 
write (112, * )  freq, real (hc (2,2) ) , imag (hc (2,2) ) 
write ( 113 , * ) f req I real  (hc ( 3,3 ) ) , imag (hc ( 3 , 3  ) ) 

210 continue 

call cmatmul3 (hc,nm,nm,sf,nm,temp3) 
call cmatmul3(temp3,nm,nm,ht,nm,sn) 

C 
C have modal response PSD {sn} 
C 

call. cmatmul~~(rnrn,~,nm,sn,nm,temp2) 
call c m a t m u l 2 ( t e m p 2 , l , n m , m m t r a n , l , s m )  
call cmatmull5(rny,l,nrn,sn,nrn,temp2) 
call cmatmul2 (temp2,l,nm,rnytran,l,sy) 
call cmatmul~~(rnt,~,nm,sn,nm,temp2) 
call c m a t r n u l 2 ( t e m p 2 , ~ , n m , m t t r a n , l , s t )  
if (i - eq. l)-smO=lf OdO/sm (1,l) 
if (i -eq. 1) syO=l~ OdO/sy(l, 1) 
if (i-eq. 1) stO=l. OdO/st (1,l) 
write (50,505) freq, sm (1 , 1) I sy  (1 , 1) , st (1,1) 

505 format (lx, 100 (e13.6, I x )  ) 
999 continue 

stop 
end 
subroutine matmul(x,m,n,y,n2,out) 
implicit real*8 (a-h,o-z) 
parameter (nmax=300) 

C 
C multiply x (m, n) and y (n, n2) matrices result is out (m, n2) 
C 

dimension x(m,n) ,y(n,n2) ,out (nmax,nmax) 
do 10 i=l,nmax 
do 10 j=l,nmax 

out (i, j) = O  - OdO 
10 continue 

do 60 i=l,m 
do 50 j=l,n2 

do 4 0  j2=l,n 
out(i, j)=out(i, j)+x(i,jZ)*y(jZ, j) 

40 continue 
50 continue 
60 continue 

return 
end 

subroutine cmatmull(x,m,n,y,n2,OUt) 
implicit real*8 (a-h,o-z) 
parameter (nmax=300) 
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C 
C multiply x (m, n) and y (n,n2) matrices result is out (m, n2) 

C complex y ( n , n 2 )  ,out (nrnax,nmax) 
dimension x (nmax, nmax) 
complex* 1 6  y (n, n2 , out (nmax, nmax) 
do 10 i=l,nmax 
do 10 j=l,nmax 

ou t  ( i , j ) = 0 - OdO 

do 50 j = l , n 2  

40 continue 
50 continue 
60 continue 

return 
end 

10 continue 
do 60 i=l,m 

do 4 0  j2=l,n 
out (i, j)=ouc(i, j)+x(L, j 2 ) * y ! j 2 , j )  

subroutine cmatmullS(x,m,n,y,n2,0~?) 
implicit r e a l * 8  (a-h,o-z) 
parameter (nmax=300) 

C 
C multiply x(m,n) and y ( n , n 2 )  matrices r e sx l t  is out  (n,S) 

C 
C 

complex y (n, n2 1 , out (nmax, nmax) 
dimension x ( m , n )  
complex*16 y (nrnax, nmax) , out (nrnax, ~nax) 
do 10 i=l,nmax 
do 10 j=l,nmax 

out ( i , j ) = O  . OdO 
10 continue 

do 60 i=l,m 
do 50 j=l,n2 

do 40 j2=l,n 
out(i,j)=out(i,j)-x(i,j2)*y(j2, j) 

40 continue 
50 cont i m e  
60 contizue 

returz 
2nZ 

subroutine cmatm~l2 ~x,m,z,y,r2,cuc) 
implicit reaL*S (a-h,c-z) 
parametor !nmax=300)  

C 
C 
C 
C 

B-2 1 



Mpsd.for (8 of 8) 

ou t  (i, j ) =out (i, j 1 +x (i, 1 2 )  *Y ( 1 2  j ) 
40 continue 
50 continue 
60 continue 

return 
end 

subroutine cmatmul3(x,m,n,y,n2,out) 
implicit reaL*8 (a-h,o-z) 
parameter (nmax=3 0 0 ) 

C 
C multiply x (m, n) and y ( n ,  n2) matrices r e s u l t  is out  (m, n2) 

C complex x(m,n)  ,y(n,n2) ,out (nmax,nmax) 
cornpl ex* 1 6  x ( nmax , nmax) , y (nmax , nrnax) , out ( nmax , nmax) 
do 1 0  i=l,nmax 
do 10 j=l,nmax 

out (i, j ) = O  - 0 
10 continue 

do 60 i = l , r n  
do 5 0  j=l,n2 

do 4 0  j2=l,n 
out (i, j ) =out (i, j ) +x (i, j2) *y  ( j 2 ,  j ) 

40 continue 
50 continue 
60 continue 

return 
end 
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APPENDIX C 

Sample ASTROS Input Files 

The ASTROS files that are included are: 

b200freq.h~ 

b200heta134-1 .inp 

b 20 Onsigma. inp 

File sequence was used for modal analysis to determine 
frequencies and mode shapes. 

File sequence is modified g s t  analysis to determine the modal 
complex frequency response matrix ~ ( Q ) ] .  This is an example 
file; similar files were used for different macb numbers. The 
current structure of ASTROS required the frequency range to be 
split, running half per run. 

Modified gust analysis to determine the tip displacement, rotations, 
and root bending moment matrices. 

c- 1 
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b200freq.inp (1 of 3) 

ASSIGN DATABASE PROB3 RAC NEW DELETE 
SOLUTION 
TITLE =Beech King Air Horizontal Tail Model. 
SUBTITLE=Frequencies and Mode Shapes 
PRINT R O O T ( M O D E S = ~ L ) = a z L , D I S P ( M O D E S = A L L , T ~ M ~ = ~ ~ ) = ~ ~ , V ~ ~ O ( T ~ M ~ = ~ ~ ) = ~ L  
ANALYZE 

BOTJNDARY METROD=900, REDUCEz3, SPC=l 
STATICS ( MECH=1 ) 

MODES 
LABEL=STATIC ANALYSIS FOR UNIT MOMENT FOR PART 1 

LABELFMODAL ANALYSIS FOR PART 1 
END 
BEGIN BULK 
$ P W  
$ PAFabl 
$ 
$ 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
G R I D  
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
$ 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 

POST 0 
AUTOSPC YES 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21. 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

36 
37 
38 
39 
40 
41 
42 
43 
44 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 
2 
2 
2 
2 
2 
2 
2 
2 

9. 0.0 2.5 0 
14.5714315.714292.3571430 
20.1428631.428572.2142860 
25.7142947.142862.0714230 
31.2857162.857141.9285710 
36.8571478.571431.7857140 
42.4285794-285711.6428570 
48. 510 - 1.5 0 
3 6 .  0.0 2.5 0 
39.5714315.714292.3571430 
43.1428631.428572.2142860 
46.7142947.142862.0714290 
50.2857162.857141.9285710 
53.8571478.571431.7857140 
57.4285794.285711.6428570 
61 - 110. 1.5 0 
9. 0.0 -2.5 0 
14.5714315.71429-2.357140 
20.1428631.42857-2.214230 
25.7142947.14286-2.071430 
31.2857162.85714-1.928570 
36.8571478.57143-1.785710 
42.4285794.28571-1.642860 
48 - 110. -1.5 0 
36 - 0.0 -2 - 5 0 
39.5714315.71429-2.357140 
43.1428631.42857-2.214290 
46.7142947.14286-2.071430 
50.2857162.85714-1.928570 
53.8571478.57143-1.785710 
57.4285794.28571-1.642860 
61. 110 - -1.5 0 

17 1 
18 2 
19 3 
20 4 
21 5 
22 6 
23 7 
24 8 
25 9 
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CROD 45 
CROD 46 
CROD 47 

CROD 49 
CROD 50 
CROD 51 

CROD 4a  

b200freg.inp ( 2  of 3) 

26 10 
27 11 
28 12 
29 13 
30 14 
31 15 
32 16 

CQUAn4 1 1 1 2 1 C  
couma 2 
CQUAD4 3 

1 
1 

2 
3 

3 
4 

7 1  _ _  
12 - -. CQUAn4 4 1 4 d 13 

CQUaD4 5 1 - 5 14 F 

CQUAD4 6 
CQUAD4 7 
CQUAn4 
CQUAD4 
CQKJAD4 
CQUAD4 
CQUAD4 
CQUAD4 
CQUAD4 
$ 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEaR 
CSHEAR 
CSHEAR 

8 
9 
10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

1 
1 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

6 
7 
17 
18 
19 
20 
21 
22 
23 

7 
8 
3-8 
19 
20 
21 
22 
23 
24 

15 
15 
26 
2'7 
28 
29 

31 
32 

? "  

le 
19 
2 0  
2 1  
22 
23 
24 
2 5  
27  
2E 
29 
3c 

32 
25 
27 

- +  
3?. 

9 
1 3  

12 
13 
14 
15 
25 
2 5  
27 
28 
29 
30 
31 

- "  
IJ. 

17 
12 
15 
22 
21 
22 
23 
25 
25 
27 
28 
29 
30 
31 
18 
19 

4 12 28 20 
29 21 

CSHEAR 31 3 
CSHEAR 32 3 5 - 3  

5 - -  -.c 3 0  22 CSHEAR 33 2 

CSHEAR 34 3 7 - d  _ -  21 23 
24 a -D 32 CSHEAR 35 2 

$ 
$ THIS SECTTCN Z0h-T'AIK.S TEE LOACS, Z C X S X 4 I N T S ,  AVC C O S X 2 ' L  BULK DAT-L 3XYZIES 
$ 

--. 

- r  
- r  

c 
3 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
S I C  
S-DC 
s1c 
SPC 
SPC 

- 
1 
1 
4. 

L 

1 

1 

2 
.- - 
I - -. 
r 
3 

7 

10 
I1 

13 

a 

" ^  
-L  

4 5 6  
456 
456 
4 5 6  
456 
4 5 6  
456 
4 5 5  
155 
155 
4 5 5  
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SPC 1 14 456 0.0 
SPC 1 15 456 0.0 
SPC 1 16 456 0.0 
SPC 1 18 456 0 . 0  
SPC 1 1 9  456  0.0 
SPC I 20 456 0.0 
SPC 1 2 1  456 0 . 0  
SPC 1 22 456  0.0 
SPC 1 2 3  456  0.0 
SPC 1 24 456  0 . 0  
SPC 1 26 456 0 . 0  
SPC 1 2 7  456 0 . 0  
SPC 1 28 456 0.0 
SPC 1 29 456 0.0 
SPC 1 3 0  456 0.0 
SPC 1 31 456 0.0 
SPC 1 32 456 0.0 
SPC 1 1 123456 0.0 
SPC 1 17 123456 0.0 
SPC 1 9 123456 0.0 
SPC 1 2 5  123456 0.0 
$ 
$ 

$ 
$ 
PROD 2 1 .1 
$ 
PSHEAR 3 1 - 04 
$ 
PSHEEL 1 1 -05 

MAT1 1 10 - 0+6 .333  2 -591-4 
$ 

$ 
$ U n i t  Force to check Sta t i c s  
$ 
FORCE, 1, 8, , 0.25,  0.0, 0 . 0 ,  1.0 
FORCE, 1,16, I 0 . 2 5 ,  0.0, 0.0, 1.0 
FORCE, 1,24, , 0 .25 ,  0.0, 0.0, 1.0 
FORCE, 1,32, , 0 .25 ,  0.0, 0.0, 1.0 

EIGR 900 GIV 0.0 3 0 0 .  3 0 1.-3 +EIGR 
+EIGR MFX 

$ THIS SECTION CONTAINS THE PROPERTY AND MATERIAL BULK DATA ENTRIES 

$ 

$ 
$ Z-DISPLACEMENTS ARE THE ONLY DEFORMATIONS NEEDED TO DEFINE A MODE SHAPE, 
$ SO ALL OTHER DEGREES OF FREEDOM ARE LEFT OUT OF THE ANALYSIS SET. 
$ 
ASETl 3 3 2 THRU 8 
ASET1 3 3 10 THRU 16 
$ Exclude g r i d  points on the lower surface o f  the wing 
$ASETl 3 3 18 THRU 24 
$.SET1 3 3 26 THRU 32 
$ 
ENDDATA 
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ASSIGN DATABASE FREQl KIMBERLY NEW DELETE 
EDIT NOLIST; 
INSERT 2323 
$ LOAD MODIFICATION $ 

$ THE [PG] MATRIX REPLACES THE 03ICIWXL GTST L O A i  K V X X  [PDF] 
PRINT ( "LOG= ( >>>DYNAMIC LOAD MocIFIcATlm' 1 ' I '  I ,  - 

[PGI IS USED TO CAZC-iiTE THE C3MPLEX FR3:PJ3KCY ZES30NSE MATRIX 
AT EACH REQUESTED FREQUENCY $ 

[PDP] :=[PG] ; 
$ CALL UTMPRT(1, [PDF]) ;$ 
$ MODE SHAPES $ 
$ CALL UTMPRT (1, [PHIA] ) ; $ 
INSERT 2327 
$ MODAL COMPLEX FREQUENCY RESPONSE MATXIIX: IKCLUDES ALL FREQUENCIES $ 
CXGL UTMPRT (1, [UFREQI] ) ; 
SOLUTION 
TITLE =Beech King Air Horizontal Tail Modei 
SUBTLTLE=[Heta] Matrix (0 to 5 0  Ez): Nack=G.l34, V=i850., QJP=25.3 
PRINT ROOT (MODES=ALL) =ALL 
A.NUYZZ 

BOUNDARY METHOD=5, TEDUCE=3, S?C=1 
MODES 
FREQUENCY MODAL(DLOAD=10, FSTE3=20, DAMPING=6, GUST=60) 

END 
BEGIN BULK 
$ 
$ THE STRUCTURAL MODEL 
$ 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRI3 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
1 5  
17 
18 
19 
20 
21 
22 
2 3  
24 
2 5  
23' 
27 
2 8  
2 9  
3 0  

0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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GRID 
GRID 

CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
$ 
CQUAD4 
CQUAD4 
CQUAD4 
CQUAI34 
CQUAn4 
CQUAD4 
CQUAD4 
CQUAD4 
CQUAn4 
CQUAD4 
CQUAD4 
CQUAD4 
CQUAD4 
CQUAD4 
$ 
CSHEAR 
CSHEAR 
CSWEAR 
CSHE.AR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSBEAR 
CSREAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEaR 
CSHEAR 
CSHEaR 
CSHEAR 
s 

$ 

3 1  
32  

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48  
49 
50 
51 

3. 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3  
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

0 
0 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
z 
1 
1 
1 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

57.4285794.28571-1.642860 
61 - 110 * - 1 . 5  0 

17 
1 8  
19 
2 0  
21 
2 2  
23 
24 
25 
26 
27 
2 8  
2 9  
30 
3 1  
32 

1 
2 
3 
4 
5 
6 
7 
17 
18 
19 
20 
21 
22 
2 3  

1 
2 
3 
4 
5 
6 
7 
9 
1 0  
13. 
1 2  
13 
1 4  
15  
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3  
14 
15 
16 

2 
3 
4 
5 
6 
7 
8 
18 
19 
2 0  
2 1  
22  
23 
24 

2 
3 
4 
5 
6 
7 
8 
10 
11 
12 
13 
14 
15 
16 
10 
11 
12 
13 
14 
15 
1 6  

10 
11 
12 
13 
14 
15 
16 
26 
2 7  
28 
29 
3 0  
3 1  
32 

18 
19 
20 
21 
22 
23 
24 
26 
27 
28 
29 
30 
3 1  
32 
26 
27 
28 
29 
30 
3 1  
32  

9 
10 
11 
12 
13 
14 
15 
25 
2 6  
27 
2 8  
29 
3 0  
3 1  

17 
1 8  
19 
2 0  
21 
22 
23 
25 
26 
27 
28 
2 9  
30 
31 
1 8  
1 9  
2 0  
2 1  
22 
23 
24 
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$ 
$ 
SPC 
SPC 
s PC 
s PC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
SPC 
$ 
$ 
$ THIS 
$ 
$ 
PROD 
$ 
PSHEAR 
$ 
PSHELL 
$ 
MATI 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 
3 
4 
5 
6 
7 
8 
10 
11 
12 
1 3  
14 
15 
16 
18 
19 
20 
2i 
22 
23 
24 
26 
27  
28  
2 9  
3 0  
31 
3 2  
1 
17 
9 
25 

456 
455 
456 
455 
456 
456 
456 
456 
456 
456 
456 
456 
456 
456 
456 
456 
456 
455  
455 
45 5 
456 
456 
456 
456 
456 
456 
455 
456 

0.3 
0.0 
0.0 
0.0 
c . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
C.0 
0.0 
”0 
C.O 
Z.0 
0 - 0 
C . G  
3 . 0  
0.0 
0.0 
0.0 
0.0 
3 . 0  
0.0 

123456 0.0 
123456 0.0 
123456 0.0 
123456 C.0 
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ZIGR,5,INV,0.0,125.,3,3,,,EIGR 
+ I G R  , MAX 
$ 
$ FREQUENCY DEPENDENT LOADS GENERATION 
c 
3 
DLOAD,10,1.0,1.0,30 
RLOADl  ,3 0,2 0 , 34 
DLAGS ,2 0,35 
FORCE,35,8,,1.0,0.0,0.0,1~0 
TABLEDl,34,,,,,,,,TTl 
+TI, 0.0,l. 0,1000.0,l. 0 
$ inc lude  frequency input data  from freqinpl-dat 

FREQ, 20, 1.1822, 1.1823, 1.1824 
FREQ, 20, . o o o o  , - 0001, .0002 

FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ,  2 0 ,  
FREQ,  20, 
FREQ,  2 0 ,  
FREQ,  2 0 ,  
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ,  20, 
FREQ,  2 0 ,  
FREQ,  20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ,  20, 
PREQ,  2 0 ,  
FREQ,  2 0 ,  
FREQ,  2 0 ,  
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ,  2 0 ,  
FREQ,  20, 
FREQ,  20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 
FREQ, 20, 

2.3645, 2.3646, 2.3647 
3.5467, 3.5468, 3.5469 
4.7290, 4.7291, 4.7292 
5.9113, 5.9114, 5.9115 
7.0936, 7.0937, 7.0938 
8.2759, 8.2760, 8.2761 
9.4581, 9.4582, 9.4583 
10.6404, 10.6405, 10.6406 
11.8227, 11.8228, 11.8229 
13.0050, 13.0051, 13.0052 
14 - 1873, 14 - 1874 , 14 1875 
15.3695, 15.3696, 15.3697 
16.5518, 16.5519, 16.5520 
17.7341, 17.7342, 17.7343 
18.9164, 18.9165, 18.9166 
20.0987, 20.0988, 20.0989 
21.2809, 21.2810, 21.2811 
22.4632, 22.4633, 22.4634 
23.6455, 23.6456, 23.6457 
24.8278, 24.8279, 24.8280 
26.0101, 26.0102, 26.0103 
27.1923, 27.1924, 27.1925 
28.3746, 28.3747, 28.3748 
29.5569, 29.5570, 29.5571 
30.7392, 30.7393, 30.7394 
31.9215, 31.9216, 31.9217 
33.1037, 33.1038, 33.1039 
34.2860, 34.2861, 34.2862 
35.4683, 35.4684, 35.4685 
36.6506, 36.6507, 36.6508 
37.8329, 37.8330, 37.8331 
39.0151, 39.0152, 39.0153 
40.1974, 40.1975, 40.1976 
41.3797, 41.3798, 41.3799 
42.5620, 42.5621, 42.5622 

44.9265, 44.9266, 44.9267 
46.1088, 46.1089, 46.1090 
47.2911, 47.2912, 47.2913 

49.6557, 49.6558, 49.6559 
50.8379, 50.8380, 50.8381 
52.0202, 52,0203, 52.0204 
53.2025, 53.2026, 5 3 . 2 0 2 7  
54.3848, 54.3849, 54.3850 

43.7443, 43.7444, 43.7445 

48.4734, 48.4735, 48.4736 
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FREQ, 20, 55.5671, 55.5672, 
FREQ, 20, 56.7493, 56.7494, 
FREQ, 20, 57.9316, 57.9317, 
FREQ, 20, 59.1139, 59.1140, 
FREQ, 20, 50.2962, 60.2953, 
FREQ, 20, 61.4785, 61.4786, 
FREQ, 20, 62.6607, 62.6508, 
FREQ, 20, 63.8430, 63.8431, 
FREQ, 20, 65.0253, 65.0254, 
FREQ, 20, 56.2076, 66.2077, 
FREQ, 20, 67.3899, 67.3900, 
FREQ, 20, 68 .5721 ,  68.5722, 
FREQ, 20, 69.7544, 69.7545, 
FREQ, 20, 70.9367, 70.9368, 
FREQ, 20, 72.1190, 72.1191, 
FREQ, 20, 73 .3013 ,  73.3014, 
FREQ, 20, 74.4835, 74.4836, 
ZEIEQ, 20, 75.6658, 75.6659, 
FRZQ, 20, 75.8481, 76.8482, 

FREQ, 2 0 ,  79.2127, 79.2128, 
FREQ, 20, 80.3943, 80.395[3, 
FREQ, 20, 81.5772, 81.5773, 

FREQ, 20, 83.9418, 83.9415, 
FREQ, 20, 85.1241, 85.1242, 
FREQ, 20, 86.3063, 8 6 . 3 0 5 4 ,  
FREQ, 20, 87.4886, 87.4887, 
FREQ, 20, 88.6709, 88.6710, 
FREQ, 20, 89.8532, 89.8533, 
VSD&MP,5,0.10 
$ 
$ AERODYNAMIC MODEL 

FREQ, 20, 78.0304, 78.0305, 

FREQ, 20, 82,7595, 82.7396, 

55.5673 
56 - 7495 
57 9318 
59.1141 
60.2964 
61.4787 
62.6609 
63.8432 
65.0255 
66 -2078 
67.3901 
68 ~ 5723 
69.7545 
70 - 9369 
72 - I192 
73 -3015 
74 -4837 
7 5 . 6 6 6 0  
76.8483 
78 - 0305 
79.2123 
80.3951 
81.5774 
82 ~ 7597 
83 - 9420 
85 + 1243 
86 - 3 0 6 5  
87 - 4 8 8 8  
88.6711 
89 -8534  

.. 

$ include load. izyit deta from ernii:F-dzr 
DMI,PG,CCF,~EC,3,231,,,,DUOOOl 
$ Eroug 1 
+uooo1, ~ , L , I ~ O , 0 . 3 ,  2,2,1.0,0.0,3~~~,'2 
+u0002, 3,3,1.0,0*0, 4,l,l-o,2-sJ>x>:3 
+uooo3, 5,2,1.0,0.3, 6,3,l.o,:.2,353"& +uoocn- ,  5 , : , 1 . 5 , 0 . 3 ,  E,2,1.C,,.U,,d>,OS - n ----* 

+U0005, 9,3,i.0,0.3, ~ ~ , , 1 , ~ . 0 , ~ . 3 , Z 7 0 ~ 0 5  
tUCOO6, 11,2,l.O,C.O, 12,3,;.O,C.J,CC2,07 
+U0007, 13,1,1.0,0.0, 14,2,L.O,:.2,=333CG 
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+UOOO8, 15,3,1.0,0.0, 16,1,1.0,0.O,DU0009 
eUOOO9, 17,2,1.0,0.0, 18,3,1.0,0.O,DU0010 
+UOOlO, 19,1,1.0,0.0, 20,2,1.0,0.O,DU0011 
+UOO11, 21,3,1.0,0.0, 22,1,1.0,0.O,DU0012 
+U0012, 23,2,1.0,0.0, 24,3,1.0,0.O,DU0013 
i-UOO13, 25,1,1.0,0.0, 26,2,1.0,0.O,BU0014 
i-uooi4, 27,3,1.0,0.0, 2a,1,1.o,o.o,~uoo15 
+U0015, 29,2,1.0,0.0, 30,3,1.O,O.O,DU0201 
$ 
$ Group 2 
eU0201, 31,1,1.0,0.0, 32,2,1.0,0 .O,DU0202 
+U0202, 33,3,1.0,0.0, 34,1,1.0,0.O,DU0203 
+U0203, 35,2,1.0,0.0, 36,3,1.0,0.O,DU0204 
+U0204, 37,1,1.0,0.0, 38,2,1.0,0.O,DU0205 
+W0205, 39,3,1.0,0.0, 40,1,L.O,O.O,DU0206 
+U0206, 41,2,1.0,0.0, 42,3,1.0,0.O,DU0207 
+U0207, 43,1,1.0,0.0, 44,2,1.0,0.O,DU0208 
+U0208, 45,3,1.0,0.0, 46,1,1.0,0.O,DU0209 
iW0209, 47,2,1.0,0.0, 48,3,1.0,0.O,DU0210 
eUO210, 49,1,1.0,0.0, 50,2,1.0,0.O,DU0211 
+U0211, 51,3,1.0,0.0, 52,1,1.0,0.O,DU0212 
+U0212, 53,2,1.0,0.0, 54,3,1.0,0.O,DU0213 
+U0213, 55,1,1.0,0.0, 56,2,1.0,0.O,DU0214 
+U0214, 57,3,1.0,0.0, 58,1,1.0,0.O,DU0215 
+U0215, 59,2,1.0,0.0, 60,3,1.0,0.O,DU0301 
$ 
$ Group 3 
iU0301, 61,1,1.0,0.0, 62,2,1.0,0.O,DU0302 
+U0302, 63,3,1.0,0.0, 64,1,1.0,0.O,DU0303 
+U0303, 65,2,1.0,0.0, 66,3,1.0,0.O,DU0304 
+U0304, 67,1,1.0,0.0, 68,2,1.0,0.O,DU0305 
+U0305, 69,3,1.0,0.0, 70,1,1.0,0.O,DU0306 
+U0306, 71,2,1.0,0.0, 72,3,1.0,0.O,DW0307 
eU0307, 73,1,1.0,0.0, 74,2,1.0,0.O,DU0308 
tU0308, 75,3,1.0,0.0, 76,1,1.0,0.O,DU0309 
+U0309, 77,2,1.0,0.0, 78,3,1.0,0.O,DU0310 
+U0310, 79,1,1.0,0.0, 80,2,1.0,0.O,DU0311 
+U0311, 81,3,1.0,0.0, 82,1,1.0,0.O,DU0312 
+U0312, 83,2,1.0,0.0, 84,3,1.0,0.0fDU0313 
+W0313, 85,1,1.0,0.0, 86,2,1.0,0.O,DU0314 
eU03L4, 87,3,1.0,0.0, 88,1,1.0,0.O,DU0315 
eU0315, 89,2,1.0,0.0, 90,3,1.0,0.O,DU0401 
$ 
$ Group 4 
+UO401, 91,1,1.0,0.0, 92,2,1.0,0.O,DU0402 
+U0402, 93,3,1.0,0.0, 94,1,1.0,0.O,DU0403 
+U0403, 95,2,1.0,0.0, 96,3,1.0,0.O,DU0404 
+ U 0 4 0 4 ,  97,1,1.0,0.0, 98,2,1.0,0.O,DU0405 
eU0405, 99,3,1.0,0.0,100,1,1.0,0.0,DU0406 
+U0406,101,2,1.0,0.0,102,3,1.0,0.O,O~O,DU0407 
+U0407,103,1,1.0,0.0,104,2,1.0,0~O,DU0408 
+U0408,105,3,1.0,0.0,106,1,1~0,0~0,DU0409 
+U0409,107,2,1.0,0.0,108,3,1.0,0~O,DU0410 
+ U 0 4 1 0 , 1 0 9 , 1 , 1 . 0 , 0 . 0 , 1 1 0 , 2 , 1 . 0 , 0 . 0 , 0 . 0 , D U 0 4 1 1  
+-U0411,111,3,1.0,0.0,112,1,1~0,0~0,DU0412 
+ U 0 4 1 2 , 1 1 3 , 2 , 1 . 0 , 0 . 0 , 1 1 4 , 3 , ~ ~ 0 , 0 - ~ , D ~ 0 4 1 3  
+U0413,115,1,1.0,0.0,116,2,1.0,0.O,DU0414 
cU0414,117,3,1.0,0.0,118,~,1.0f0~0,DW0415 
+ U 0 4 1 5 , L 1 9 , 2 , 1 . 0 , 0 . 0 , 1 2 0 , 3 , 1 . O , O . O , D U O 5 0 ~  
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$ 
$ Group 5 
+U0501,L21,1,1.0,0.0,122,2,1.0,0~O,DV2522 
+U0502,L23,3,1.0,0.0,124,1,1~0,0~0,DIj05~23 
+U0503,125,2,1.0,0.0,126,3,I..O,C.O,DUC5~~ 
+U0504,127,1,1.0,0.G,128,2,~.O,C.O,DUG5~5 
+U0505,129,3,1.0,0.0,130,1,1.O,G~0,DU~5~6 
+U0506,131,2,1.0,0.0,132,3,1.0,0~0,~TJO~~~7 
+U0507,133,1,1.0,0.0,134,2,1.0,0~O,DU05C8 
+U0508,135,3,1.0,G.0,136~1,1.0,0.0,DTJ05~5 
+U05G9,137,2,1.0,0.0,138,3,1.0,0.3,1~0,0.0,DU05~0 
+U0510,139,1,1.0,0.0,14C,2,1.0,0.0,DE~5~~ 
+~0511,141,3,1.0,0.~,142,1,1.0,0.0,0~~,D~05~~ 
+U0512,143,2,1.0,G.0,144,3,1~0,0~G,~E05~3 
+U0~13,145,1,1.0,G.C,146,2,1.0,0.0,0.0,~~C5~~ 
+U0514,147,3,1.0,0 0,148,1,1- 0, C. 0, DUO515 
+U0515,149,2,1.0,0.0,150,3,~.0,~.G,~~0~~~ 
$ 
$ Group 6 
+U0601,151,1,1.0,0.0,152,2,~.0,0~~,~~0~22 
+U0602,153,3,1.0,0.0,154,1,1.0,0~0,~~0503 
+U0603,155,2,1.0,0.0,156,3,1~0,0~0,~U0504 
+U0604,157,1,1.0,0.0,158,2,1~0,0.0,DU06G5 
+U0605,159,3,1.0,0.0,150,1,1~0,0.0,DUG505 
+U06C6,161,2,1.0,0.0,162,3,1.0,0.O,DU3607 
+ U 0 6 0 7 , 1 6 3 , 1 , 1 . 0 , 0 . 0 , 1 6 4 , 2 1 ~ . 0 , D U 0 6 C 8  
~U0608,165,3,1.0,0.0,165,1~~.0,0.0,~~05C~ 
+U0609,167,2,1.0,0.0,168,3,~~0,0.0,DfiG5~0 
+U0610,169,1,1.0,0.0,17G,2,1~0,O~C,D~G511 
~U0611,171,3,1.0,G.0,172,1,1.0,0~O,~U0~1~ 
+U0612,173,2,1.0,0.0,174,3,1~0,0.O,DUC613 
~U0613,175,1,1.0,0.0,176,2,1~0,0~O,~U05~~ 
+U~614,177,3,1.0,0.0,178,1,1.0,0.0,0~0,DUO61~ 
+U0615,179,2,1.0,G.0,180,3,1.0,0.O,DU0701 
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+U0807,223,1,1.0,0.0,224,2,1.0,0.O,O.O,DU0808 
+U0808,225,3,1.0,0.0,22611,1.0,0.0,DU0809 
+U0809,227,2,1.0,0.0,22813,~.0,0~0,DU0810 
+U0810,229,1,1.0,0.0,230,2,1~O,O.O,DUO8~1 
cU0811,231,3,1.0,0.0 
ENDDATA 
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ASSIGN DATABASE FREQl KIMBERLY NEW DELETE 
EDIT NOLIST; 
INSERT 2323 
$ MODE SHAPES $ 
CALL UTMPRT ( 1, [PHIA] ) ; 
INSERT 2327 
PRINT ( "LOG= ( ' 
$ SET THE MODAL RESPONSES EQUAL TO UPcrITk' 72 C2KXT': THZ STR4SS 

[UFREQI] : = [PGI i 

>>>D?iI5APlIC b!cCAI, Z S F S S S Z  N C I l I F 1 2 A T I O N ' ) ' ' ) ;  

AND D I S P .  DUE TO EACH MODE $ 

CALL WTiPRT (1, .[UFREQI] ) ; 
SOLUTION 
TITLE =Beech King A i r  Horizontal. T a i l  Mojel 
S-mTITLE=Stresses and Disps.  due t o  3ach Mode 
PRINT ROOT(MODES=ALL)=ALL, nISP(RECT,FREQ=ALL)=7, STRZ(RECT,FREQ=ALL)=17 
ANXGYZE 

BOLNDARY METHOD=5, REDUCE=3, S P C = I  

FRZQUENCY MODAL (DLOAD=10 , FSTEP=23, i)A!VPZhTcI=5, GI?ST=60) 
MODES 

END 
BEGIN BULK 

$ THE STRUCTURAL MODEL 
$ 

$ 
GRID 1 0 9. 9.0 2 -5 0 
GRID 2 0 14-3714315.714292.3571430 
GRID 3 0 20.1428631.428572.2142860 
GRID 4 0 25.7142947.142862.0714290 
GRID 5 0 31.2857162.857141.9285710 
GRID 6 0 36.8571478.571431.7857a40 
GRID 7 0 42.4285794.285711.5428570 
GRID 8 0 48. 110. 1 - 5  0 
GRID 9 0 3 6 .  0.0 2.5 0 

GRID 12 0 - 3 . 7 1 r 2 9 C 7 . 1 4 2 3 E 2 . 0 7 ~ 4 2 ~ 0  n r  

GRID 10 0 39.5714313.71~292.357~~3~ 
GRID 11 0 43.1~28631.82~-72.21~2~60 

GRID 13 0 53.28571~2.e571e1.92E571C 
GRID 14 3 5 3 . 8 5 7 1 ~ 7 3 . 5 7 1 4 3 1 . 7 8 5 7 1 4 C  
GRID 15 0 57.P285796.265711.6r2857C 
GRID 16 0 51 - 110. 1 E  _.-  0 
GRID 17 2 9. S.C - 2 . 5  C 
GRID 18 0 ~4.571r~15.71r23-2.35~~~0 

2~.1C28531.4265~-2.2lc290 GRID 19 c 
GRID 20 9 ~=.71r2547.,42~5-2.37143G 
GRID 21 3 31.2857152.65714-1.92a370 
GRID 22 u' 36.8~71478.57~L~-1.7a5713 

4 2 . ~ 2 8 5 7 9 4 . 2 e ~ ; ~ - ~ . E L 2 8 6 0  
G 

GRID 23 3 
GRID 2 L  0 48 ~ -- '13. - - d  

GRID 2 5  0 35 ~ 0.0 -2.5 0 
GRID 25 9 39.~7143i5.71~2~-2.3~7:~0 
GRID 27 0 ~ 3 . l e 2 6 5 1 1 . r 2 5 5 ~ - 2 . 2 ~ 4 ~ ~ ~  
GRID 28 0 ij~?lr2947.~r255-2.07~~3,~ 
GRID 2 9  0 5 0 . 2 ~ 5 7 ~ E 2 . ~ S ; ~ r - 1 . 9 2 E ~ ~ ~  
GRIC 3 0  0 53.E571~7~.-71C3-i.765713 

57.~28579C.2857--r.5~2~~~ GRID 31 0 
GRID 32 0 5l- --- - _ _ -  v 

$ 
CROD 36 2 17 1 

-- 
n 

_ . -  - ,  - 

- 7  i: + * *  ,. 
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CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
CROD 
$ 
CQWAD4 
CQUAD4 
CQUAD4 
CQURn4 
CQUAD4 
CQUAD4 
CQWAD4 
CQUAD4 
CQUAn4 
CQVAD4 
CQUAD4 
CQLTAD4 
c Q u m 4  
CQUADS: 
$ 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSREAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEaR 
CSHEAR 
CSHEAR 
CSHEaR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
CSHEAR 
$ 
$ THIS 
$ 
$ 
SPC 
SPC 

3 7  
38 
39 
40 
4 1  
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11. 
1 2  
1 3  
14 

15 
16 
17 
18 
19 
20 
21 
22 

24 
25  
2 6  
27 

29 
30 
3 1  
3 2  
33 
34  
35 

23 

2 8  

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

3. 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3 0  
31 
32 

3. 
2 
3 
4 
5 
6 
7 
17 
18 
19 
20 
2 1  
22 
2 3  

1 
2 
3 
4 
5 
6 
7 
9 
1 0  
11 
1 2  
1 3  
14 
15 
2 
3 
4 
5 
6 
7 
8 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

2 
3 
4 
5 
6 
7 
8 
18 
19 
20 
21 
22 
2 3  
24 

2 
3 
4 
5 
6 
7 
8 
10 
11 
12 
13 
14 
15 
16 
10 
11 
12 
13 
14 
15 
16 

10 
11 
12 
13 
14 
15 
1 6  
26 
27 
28 
29 
3 0  
3 1  
32 

18 
1 9  
2 0  
2 1  
2 2  
2 3  
24 
26  
27 
28 
2 9  
3 0  
3 1  
32 
26 
27 
28  
29 
30 
31 
3 2  

9 
10 
13. 
12 
13 
1 4  
15 
2 5  
2 6  
27 
28 
2 9  
30 
3 1  

17 
18 
1 9  
20 
21. 
22 
23 
25  
26 
27 
2 8  
2 9  
3 0  
3 1  
1 8  
1 9  
20 
2 1  
22 
23 
2 4  

SECTION CONTAINS TETE LOADS, CONSTRAINTS, AND CONTROL BULK DATA E N T R I E S  

1 2 456 0.0 
1 3 456 0.0 

C-14 



b200nsigma.inp ( 3  of 4) 

SPC 1 4 456 0.0 
SPC 1. 5 456 0.0 
SPC . 1 6 456 0.0 
SPC 1 7 456 9 - C  
SPC 1 a 456 3 . 0  
SPC 1 10 456 3 . C  
SPC 1 11 456 0.0 
SPC 1 12 456 0.2 
SPC 1 13 456 0.0 
SPC i! 14 456 0 . 3  
SPC 1 15 456 0.0 
SPC 1 16 4 5 6  0.0 
SPC 1 18 456 0.0 
SPC 1 19 456 0.0 
SPC 1 20 456 0.0 
SPC 1 21 456 C.0 
SPC 1 2 2  455  C.2 
SPC 1 23 456 3 - 0  
SPC 1 24 4 5 6  0.0 
SPC 3. 26 456 0.0 
SPC 1 27 456 0.0 
SPC 1 28 456 0.0 
SPC 1 29 456 0.0 
SPC 1 30 456 0.0 
SPC 1 31 456 0.C 
SPC 1 32 456 0.0 
SPC 1 1 123456 0.0 
SPC 1 17 123456 0.0 
s PC 1 9 123456 0.0 
SPC 1 25 123456  0.0 
$ 
$ 
$ THIS SECTION CONTAINS THE 3ROPERTV .GJ3 XZTEXIAi 5 - a K  DATA. ENTRIES 
$ 
$ 
PROD 2 1 .1 
$ 
PSHEAR 3 1 + 04 
$ 
PSHELL 1 1 ~ 35 
$ 
MATI. 1 10.0+6 -333 2.331-L- 
$ 

ASETl  3 3 
AS9T1 3 
$ Zxciude grid FDints 
SASET1 3 3 
$ASET1 3 3 
$ 

- - 

$ MC3ZS AN3 FREQUENCIES 
s 
GRIDLIST,7,e,l6 
ELEMLIST,l7,QUAD4,1,8 
EIGR,5,iNri,0.3,125.,3,3,,rE:GT 
tIGR,MAX 
$ 
$ FREQUENCY DEPENDENT L3-rCS G3KZXD-IIGK 
$ 
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DLO-W, 10,l. 0 , 1. ~ 0 , 3 0  
RLOAD1,30,20,34 
DLAGS,20,35 
~ORCE,35,8,,1.0,0.0,O.O,l-O 
TABLED1,34,,,,,,,,TTl 
+T1,0.0,1.0,1000.0,1.O 
FREQ, 20, l., 2 . ,  3 .  
VSDAMP, 6 , 0 - 10 
$ 
$ AERODYNAMIC MODEL 
$ 
CAER01t1,,,7,3,,,1,+AB 
+AB,0.0,0.0,0.0,61.0,43~0,1~0~0,0.0,30.0 
SPLINE1,3,,1,1,21,10 
SETl,lO,l,THRU,IG 

MKAER01,1,0,0.134,,,,,,+CD 
+CD,0.01,1.0,2.5,4.0,5-5,7.0,8.5,10.0 

+GS1 , 1,O 
$ 
$ LOADING 
$ 
$ THE [PG] MATRIX REPLACES THE ORIGINAL MODAL RESPONSE MATRIX [UFREQI] 
DMI,PG,CDP,REC,3,3,,,,DUOOOl 
+UOOOl, l L , l , l . O , O - O ,  2,2,1.0,0.O,DU0002 

ENBDATA 

AER0,,45.5,1.OE-7 

GUST,60,30,1.OE-4,0.0~1860+ ,25.3,0.134,,+GS1 

$ 

+u0002, 3,3,1.0,0.0 
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